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® Antenna apparatus and antenna system. 

<§) An antenna apparatus comprises a dielectric 
substrate, an earth conductor mmmted on one sur- 
face of the substrate and forming a microstrip trans- 
missipn .tinp, ah upper conductor mounted on the 
other surface of.the'sutistfate and.fonrihig a micro: 
strip trai^mlssion line, an antenna etement formed 
integrally with the microstrip transmission. Jines. and 



a delayed wave opening situated in the earth con- 
. ductoir In confronting relationship with the upper con- 
ductor. 
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BACKGROUND OF THE INVENTION 

1. Retd of the Invention: 

This invention relates to an antenna for use in. 
for example, a communication base station. 

2. Description of the Related Art 

Con>^ntionally, the angle of beam orientation 
of a strip line is fixed. 

. This conventional feed line unitary antenna is 
exemplified by a micrqstrip antenna as shown in 
RG. 29 of the accompanying drawings, which is 
relllustrated from 'Handbook of Microstrip Anten- 
nas vol. 2" by J.a James and P.S. Hail, pp. 1076, 
Rgs. 17 and 18. Peter Peregrinus Ltd., London, 
United Kingdom. 1989. In RG. 29, reference nu- 
merals la, lb designate a microstrip antenna; 2. an 
upper conductor of a microstrip line; 3. an earth 
conductor; and 4, a dielectric plate. 

In FIG. 29. part of the electric power from the 
microstrip Hne 2 Is supplied to the mtcrostrip an- 
tenna la. and then the electric power passing 
through the microstrip antenna la is supplied to the 
next micrpstrip antehria Ib. As the indiviUual micro- 
strip antennas 1 a, lb are excited by certain am- 
plitude and phase distribution^ the antenna appara- 
tus forms a beiam pattem in space. However, the 
Icnowri antenna apparatus has a problem that the 
MT iqle of bea rn^qrigptatlon cannot t>e - varied in the 
samelrequency, as long as the shape of the an- 
tenria system such as the length of ^e feed line 
arid/or the spacing of the antennas are changed. In 
general, in order to scan the antenna beam, each 
sinterina element is equipped with a phasd^ifter; 
however, no tow-cost small-size phase shifter suit- 
able for the antenna of FIG. 29 is known at the 
present time. 

RG. 30 shows an antenna system for perform- 
ing comrnunication l>et«veen a number of rnoUle 
stations and a date temnlnal or telephone u^hg the 
antenna appsuratus of RG. 29. 

b> RG; 30, reference numerals 100 - 102 des- 
ignate mobile statiohs each equ^pled with a trans- 
rnitteir Aieoeiver for communication with another sta- 
tion using a different frequency. A base station 
(fixed, station) 103 includes, transmission/teceiving 
antanrras 1. 1*. a loral oscillator 105, a transiiUssion 
modulator 104 for modulating transnUssion signals 
by a high frequency signal of the local oscillater 
105. and first and second rec^ng demodulators 
.106. 107 for demodulating receiving signals by a 
high frequency signal ol the local 'osoHatdr 105. 
The base st^'on 103 further include a fine con- 
nector 108. a controlier .109 for cbntroHing the Gne 
connection of the Kiie connector ira, and a corri- 
municatioh prboessor 110 foir processing transmis- 



sion data of the mobile stetlon 100-102 and other 
date from a date terminal 112, another base station 
113, a telephone, etc. The switching between trans- 
mission and receding modes of the base station 

6 103 is performed by switches Si , S2. For receiving 
transmission date of the mobile stetion 100 • 102, 
as shown in RQ. 30. the antennas 1, f are con- 
nected with the receiving demodulators 106, 107. 
For sending predetermined date to the mobile ste- 

10 tion, the Individual switches SI, S2 are connected 
with the sending modulator 104. During transmis- 
sion, a switch S3 selectively connects the transmis- 
sion modulator 104 with one antenna 1 or V via the 
switches 31^ i52. The switch S3 selects one of the 

15 antennas 1.1' according to the output level of the 
first and second receiving demodulators 106, 107, 
and this switching Is controlled by the controller 
109. Iri the antenna system, date received from the 
mobile stetion 100 - 102 is transmitted to the 

20 comnriuiiicatiori processor 110 via the antennas 1, 
1'; the switches SI. S2, the first and second receiv- 
ing demodulators 106, 107 and the fine connector 
108. whereupon the date processed by the com- 
. munication processor 110 is transmitted to the ter- 

25 minal 112. another base station 113 or ^e tele- 
phofie. 114 via the public communication network 
11 1. Meanwhile, the data from the tenminal. another 
base stetion 113 or the! telephor^e 114 is trariismlt- 
ted to the mbbile station 100 - 102 from one of the 

30 antennas 1^1* viai the public communication net- 
woric 111, the communication processor 110, the 
iirie connector 108. the transmission modulator 
104. the switch S3 and the switch SI or S2. 

In recent years, application of feed line unitery 

35 antennas has been on the increase in order to 
nUnimlze the size of the antennas in the base 
station. However. wHh this idnd 6f antenna, the 
angle of antenna orientation is decided only by the 
lengtti of the feed line or the spacing of tite an- 

40 tenna elemente so that for varying or controlling the 
angle of tiie antenna, ft has . bj^n conventional 
practice to medianics% rotaite^the ante^ 

SUMMARY OF THiE INVENTION 

45 ' . 

It is an (^ject of ttiis invention to provide a low- 
cost feed line unitary antenna apparatos in which 
the angle of antenna orientation can be varied, 
witimut tilting or rotating antennas mechanically 
50 and in which a number , of variable angles can be 
dbtairod discretely or continuously. 

Witt) the first arrangement of the invention, 
since ttie earth conductor of the microstrip Gne has 
delay wave openings Jn the form of slote and a 
55 cutout opening at one end, K is possible to obtain a 
desired phase of excitetion of the antenna element 

Wrth the second anrangement of the invention, 
it is possible to vary the effective electrical shape 
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of the delay wave opening. Since part or whole of 
the slots and/or cutout is covered by the regulating 
plate, it is possible to obtain a desired phase of 
excitation of the antenna element by varying the 
extent of superposition between the delay wave 
opening and the regulating plate to select a suit- 
able effective shape of the slots and cutout 

With the third arrangement of the invention, the 
substrate carrying the antenna elements and the 
support plate canying the regulating plate are sup- 
ported preferably by means of a screw. A conduc- 
tive plate having a width smaller than the width of 
the upper conductor has in its center a threaded 
hole for recehflng the screw. Since the dielectric 
screw to be secured to the threiaded hole is in- 
serted through the elongated hole of the earth 
conductor, it is possit>te to support the delay wave 
regulating structure of the faend line .without remartc- 
ably impairing the electncsd characteristics of the 
aritehna Assuming that a spring washer Is used 
with the dielectric screw, K is possible to obtain a 
support mechanism which is resistant against vi- 
bration and displacement . 

With the fourth arrangement of the Invention, in 
order to continuously vary the effective shape of 
tiie delay wave openings In the form of slots and 
ciitoute in the earth (^nductbr. the conductive reg- 
ulating plate ,( or the dielectrte support plate on 
which the conductor is fdrmwJ) covering the slots 
and cutouts directly or \da a dielectric thin film is 
moved parallel to the earth conductor of tiie nilcro- 
strip line. Accordingly/ the delay wave opening can 
. be usied as a phase shifter for varying the phase. 
a)ntinuously so that the phase of excitation of the 
antenna element can be continuously varied to a 
de^red value. / 

With the fifth arrangement of the invention, the 
antenna elements and the feed Rne are formed in 
the dielectric casing, and the regulating mechanism 
for varying the shape of the slot and cutout in the 
earth oonduclDr can be .driye^ the 
ca^ng/ Therefore it is po^ 
vary the an^e of t^«ni tilt' easily without coilapsihg 
the antenna rapparat^ 
h2fi adualiy Wot iristelM 

With the sixth arrangement of the invention, ia 
^ tiaving a very small width, compared .to the 
wavelength, and dhdding the earth conductor into 
two nbrvcontect portions is formed; In a common 
plane with the earth conductor. At the two non- 
contact portions near the ^ dipoles to which 
|K>wer Is to be supplied via me slit are defined by 
the conductors of approximately a 1/4 wavelength 
at the frequency in usei Further, since the dipoie is 
connected at a number of steps longitudinally of 
the micrpstrip line, it fe possible to obtain an in- 
expensive reduced-height antenna which can be 
nianiifectunBd in the same process with the micro- 



strip line. 

With the seventh arrangement of the invention, 
the conductor of approximately a 1/4 wavelength at 
the frequency in use is situated via a choke in the 
5 forni of a gap with the earth conductor. Since the 
choke has such a shape as to reduce reflection 
from the discrete porticm of the sfit of the earth 
conductor at the frequency t>and in use. it is possi- 
ble to improve the reflection characteristics of the . 
TO antenna and. as a result a highly efficient antenna 
apparatos can t>e achieved. 

With the eighth anrangement of the> invention, 
the choke has a selected shape so as to have a 
peak, reducing the reflection from the discrete por- 
Y5 tion of the sift in the earth conductor, at or around 
the frequency t)and in use. Since ai dipble is de- 
fined by the conductors having approximately a 1/4 
wavelength and constituting a choke having a. dif- 
ferent peak frequency, it is possible to suppress 
20 the reflection from the discrete portion over a wide 
range at the entire frequency band in use so that 
the antenna efficiency . can be improved over a 
wide band ranged . . 

WHh the nintii anrangement of the irivehtion. 
25 the two dipoles are located at two posftions line 
symmetrical wfth respect to the center line In the . 
longftudinal direction of the microstrip line, and 
each dqpole Is provided in one or more steps atong 
tiie midrostrip line. Further, since the dielectric 
3d plate is substantially equal in dielectric constant . 
tiiickness iand width to the dielectric plate coristitut- 
irig the microstrip line and the dipoles are super- 
posed over the earth conductor, deterioration of 
beam pattern due to the difference between vertical 
35 dielectric cohstarits of the dipoles can be reduced. 

With the tontii anrangenient of the invention. In 
the antenna apiparatus composed of a nurhber of 
antenna elements and a nUcrostrip fine as a feed 
line of the antenna elements, the microstrip line 
40 acts as a transmission line. Partiy since the eiarlh 
conductor not to to r^arded as part of the an-* 
terina eleinehts has a delay, wavie sthicture in the 
fomi off stots and a cutout opening at one. end., 
partly isince the antenna elemente are 
45 comnwih plane with ttie earth coriductor, and partiy 
since the dipoles are constituted by conductors of 
approxirhateiy a 1/4 wavelength having a slit of 
very sm^l vddtii. compared 'to the wavelerigtii. di- 
viding the earth conductor irito two electrically non^ 
50 contact portions, ft is possible to obtein a desired 
phase of excftatimi of tiie antenna etements without 
varying tiie distance of tite indhHdual antenna ele- 
ments^ Further, since tiie antenna elemente are 
unfted wfth tiie feed fine, ft is possibte to reduce 
55 the height' of the antenna apparatus to a minimum. 

Wfth the eleventti arrangement of the inverition, . 
since tiie dielectric plate coveririg the delay wave 
structure in the form of slots or cutoute and being 
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substantially equal in dielectric constant thickness 
and width to the dielectric plate constituted by the 
microstrip line and the dipoles is superposed over 
the earth conductor of the microstrip line, the di- 
electric constant of the dielectric plate covering the s 
antenna elements would be Isotopic so that a 
small-height antenna apparatus in which deteriora- 
tion of the beam pattem is Improved and the phase 
of excitation of the antenna elements is variable 
can be obtained. to 

With the twelfth arrangement of the invention, 
since there is provided a mechanism for moving, in 
parallel to the earth ccmductor oiF the microstrip 
line, the dielectric plate covering the delay wave 
structure in the form of slots or cutouts and being is 
substantially equal in dielectric constant thickness 
and width to the. dipoles. so as to vary the electrical 
shape of the slots and cutout continuously, the 
dielectric constant of the dielectric plate covering 
the antenna elements would be Isotopic so that a 20 
small-height antenna apparatus in which deteriora- 
tion of the bi9iam pattem is improved and the phase 
of excitation of the antenna elements is variable 
can be obtained. 

With the thirteenth anrangement of the inven- 25 
tion. since in order to continuously vary the shape 
of a delay waive structure in the form of slots and 
c^ut in the earth c»ndu^^ provided a 

mechsfnism for moving, in parallel to the earth 
conductor; tfie cbriductbr covering the slots and 30 
cutout directiy or via a dielectric thin film, it is 
possible to use thei delay wave structure as a 
phase shifter for varying the phase continuously so 
that the phase of excitation of ttie antenna can b& 
continuously varied to a desired value. as 

Wfth the fourteenth arrangement of tho'lnven- 
tion. partiy slhibe there is provided a matching 
circuit in the form of slots and a.cut6ut opening at 
one erid in ihe earth conductor of tlio rnlctio$lrip 
fine, and parity since in order to vary the electrical 40 
shape of the nriatchiiig drctilt tfiere is provided a 
conductoi-, or a dielecirid plate^^^ 
. coviering pait or wliole of the stots and cutout 

direc^ 'or via an dielecMB l^^ 
mli^rnlre the change of input impedance, as view- 45 
ed from the power supply skle» by continuously 
varying the shape of the sidts arid caito^ 

Iri the. antenna apparatus according to the first 
aspect of ihe Invention, in order to superpose the 
earth conductor of the microstrip line over tiie so 
dielectric support plate substantiafly equal In di- 
electric constant thickness and widtii to ttie 
dipofes, the dielectric support plate and the other- 
ttian-earttKX)nductor portion of the microstrip fine 
. have holes through which a metal wire is ttireaded. ss 

In the antennia apparatus accordirig to ttte sec- 
ond aspect of. the in^ntion, in.order to.siq^erpose 
the earth conductor of flie microstrip line over the 



dielectric support plate substantially equal in di- 
electric constant, thickness and width to the 
dipoles, the dielectric support plate and the micro- 
strip fine have holes tiirough which a dielectric 
damp Is inserted. 

In tiie antenna apparatus according to tiie tiiird 
aspect of the invention, in order to superpose tiie 
earth conductor of tiie microstrip fine over the 
dielectric support plate substantially equal in di- 
electric constant thickness and v^dtii to the 
dipoles, a low-dielectric-constant foaming agent is 
filled spaces between the inside surface of the 
casing and ttie earth conductor and the support 
plate. 

Iri the antenna apparatus according to the 
fourth"' aspect of the invention. In order to super- 
pose the earth conductor of ttie microstrip line over 
the dielectric support plate substantially equal in 
dielectric constant thickness and wldtii to the 
dipoles. a dielectric springy C ring is mounted 
fcN9tween ithe inside surface of the casing and the 
earth conductor and ttie support plate. 

In tifie antenna apparatus, according to the fiftti 
aspect of th J invention, in order to superpose the 
earth conductor of the microstrip fine over the 
dl^ctric support plate substantially equal In di- 
electric constant thickness and width to the 
dipoles. two dielectric pipes each having an oval 
cross sectiori are inserted betweeri the inside sur- 
face of ttie casing and the eartti cohdiictor and the 
support plate. 

In the antenna apparatus according to the sixth 
aspect of the invention, a threaded rod Is attached 
to one end of the dielectric support plate, projec- 
ting fifoih the casing. 

In the antenna apparatus according to the sev^ 
entii aspect of the invention, a support plate having 
a groove is mounted on one 6hd of the dielectric 
support plate, and a circular disc having a pin 
receh^ed in the groove of the- support plate is 
mounted iri the casing. 

In the antenna apparatus according to the 
eighth aspect of the invention, a f^n is mounted on 
onie end 'of the dlelectilc support plate. amJ a rod 
fitted in the pin and a drcular disc having a pin, in 
whidi the rod is fitted, are mounted in the casing. 

In the antenna apparatus according to tfie ninth 
as|>ect of the invention, a support plate is mounted 
on each of oppo^ ends of the dietectric support 
plate, and a shaft tiaving a pufiey Is mourrted in the 
casing, a V belt being wound around the support 
plates and the pulley. 

. In the antenna apparatus according to the tenth 
Aspect of the invention, a support plate is mounted 
on each of opposite ends of the dielectric support 
plate, and a. shaft having a gear is mounted in the 
casing! a* ch^ being wound ardurid the support 
plates and the gear. 
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In the antenna apparatus according to the elev- 
enth aspect of the invention, a rack Is mounted on 
one end of the dielectric support plate, and a shaft 
having a pinion is mounted in the casing. 

In the antenna apparatus according to the s 
twelfth aspect of the invention, the shaft mounted In 
the casing has a groove in a portion flat In cross 
section. 

in the antenna apparatus according to the thir- 
teenth aspect of the invention, the shaft mounted \n lo 
the casing has a knurling tool around the circum- 
ferential surface. 

In the antenna apparatus according to the four- . 
teenth aspect of the invention, a matching drcuit in 
which the earth conductor of the rnicrostrip line has is 
at portions correspcmding to the position of the 
upper conductor, slots and a cutout opening at one 
end. In order to change the shapie of the matching 
drcuii part or wfK>le of the slots and cutout is 
covered by a conductor directiy or via a dielectric 20 
thin film, or by a dieflectric plate on which the 
conductor is provided. 

BRIEF DESCRIPTION OF THE DFiAWINGS 

25 

RG, -1 is a perspective view of an antenna 
apparatus :aa»n^^^ firist emtjodimeht of 

this invention: 

RG; 2 Is a perspective view of an antenna ' 
apparatus according to ^ second emt)odliment of so 
the invention; 

RG. 3 is a perspective view of an antenna 
apparatus according to a third embodiment of 
the inventipri; 

FIG. 4 is a perspective view of an antenna 35 
af^Mratus accordlnig to a fburtfi embodiment of 
the invention; 

RG. 5 is a fragmentary exploded perspective 
. view of an antenna part of an antenna apparatus 
according to a fiftti embodiment of the invention; 4o 
RQ. 6 b a front ^yi6w off the antenna apparatus 
of the fiftti Wb<^^ 

RG. 7 Is a fragmentary cross-sectional view of 
. an/ahterma apii^af^^ 
bodlnnent of the inverition; 45 
RQ. 8 Is a perspective view of an antenna 
apparatus aicconfir^ to a seventh emfatodiment 
. of tiie invention; 
. RQ. 9 is a perspective view of an anternia 
apparatus aooor^ to an eigh^ embodiment of so 
the invei^ion; 

RG. 10 is a pBTspective view of ah antenna 
apparatus according io a ninth embodiment of 
the invention; 

RG. 11 is a perspective view of an antenna 55 
apparatus according to a tenth embddirnent of 
the Invention; 



FIG. 12 is a perspective view of an antenna 
apparatus according to an eleventh emt)odlment 
of the invention; 

FIG. 13 is an exploded perspective view of an 
antenna part of an antenna apparatus according 
to a twelfth embodiment of tiie invention; 
RG. 14 is a perspective view of the whole 
antenna apparatus of the twelfth emt>odiment; 
RG. 15 Is a cross-sectional view of an antenna 
apparatus according to a tiiirteenth embodiment 
of the invention; 

RG. 18 Is a cross-sectional view of an antenna 
apparatus according to a fourteenth embodiment 
of tfie invention; 

RG. 17 Is a crossrsectional view of an antenna 
-^paratus according to a fifteenth embodiment 
of the Invention; .. 

RG. 18 Is a cross-sectional view of an antenna 
apparatus according to a sixteenth embodiment 
of the invention; 

RG. 19 Is a cross-sectional view of an antenna 
apparatus according to a sevehteentii embodi- 
. ment of the invention; 
RG. 20 is a cross-secflonal view of an antenna 
apparatus according to an eighteenth emtiodl- 
ment of the Inv^on;^ 

RG. 21 is a cross-sectional view of an aritenna 
apparatus according to a. nineteenth eniibodi- 
merit of the invention; 

RG. 22 is a cross-sectional view of an antenna 
apparatus according to a twentietti embodiment 
oif the Invention; 

RG. 23 Is a cross-sectional view of an antenna 
apparatus according to a twenty-first embodi- 
ment, of the invention; 

RG. 24 Is a cross^ectional view of an antenna 

apparatus according to a twenty-^seoond eifn- 

txxilment of the Invention; 

RG. 25 is a cross-sectional view of an antenna 

apparatus according to a twenty-tiiiird embodl- 

;ment of ^Ihe Invention; . .. 

RG. 26 is a persf)ectiva .view shtming a rnodl- 

ftcation of a support plate moving mechanism of 

the invention; . 

RG. 27 is a perspective view showing another 
modtficsiion of ^e support plate moving mecha- 
nism; 

FIG.. 28 is a perspective view , of an antenna 
apparatus accbnfing to a twenty4ourtii eihtxKih 
ment of the invention; 

RG. 29 is a perspiactive view of a conventional 
.rnicrostrip arrtenna apparati^ ^ 
RG. 30 Is a block circuit diagram showing a 
conventional antertna system. ' 
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DETAILED DESCRIPTION 

FIG. 1 shows an antenna apparatus according 
to a first emt)odlment of this invention. As shown in 
RQ. 1. a feed line unitary antenna comprises a 
strip line formed on upper and lower surfaces of a 
dielectric substrate. 4, and dipole antennas 7 
formed on ends of the strip line. An earth conduc- 
tor 3 Is formed sut)stantially over the whole of one 
surface of the dielectric substrate 4. and an upper . 
conductor 2 having a line width smaller than that of 
tfie eartfi conductor 3 is formed on the other sur- 
face of the .sul>strate 4. The dipole antennas . 7 are 
formed on the bifurcated end of the earth conduc- 
tor 3 and the upper conductor 2 integrally with the 
strip fine. 

As a characteristic feature of this invention, part 
of the earth conductor 3 of the microstrip line has a 
delay wave opening In a confronting, relationship 
with the upper condudtor 2 for. regulating the direc- 
tionality of tiie antenna by tiie delay wave amount, 
of the delay wave bperilng. In :the embodiment of 
RG. 1, the delay wave opeinihg. is a part of the 
earth conductor 3 of the microstrip line, including a 
number of slots 5 and a cutout 6. which are located 
in a confrimting relationship witfi the uppiar conduc- . 
tor 2. 

the bpieration of the anteiina will now k>e de^ 
;scrit>ed. Since the lengtii of the slots 5 and cutout 
6 is viary small 'cohipsur^. to w^lengith of 
signals reached via the microstrip line 2. 3, these 
delay wave openings are regarded as a serial in- 
ductance with respect to the line; Therefore, when 
passing these openings, the phase of signals will 
be delayed. TTius the slots 5 and cutout 6 serve as 
a delay wave element When t»wer is supplied to 
the dipoles 7 using the feed line having the delay 
wave openings, the dipoles 7 will be excited In a 
phase distribution. Using the phase distribution 
kdsin h. It is posstt>ie to obtain a desired angle of 
orientation of the antehria The delay wave opening 
serves as a fixed phasb shifter. Heie k stands'fbr a 
frequency, and d stands for ttie distance between 
the anterifias;: 

According to this embodiment, since tiie earth 
conductor 3 of ttie microstrip tine has the delay 
wave openings in the form of the slots 5 and the 
cutout 6 opening at one end. it is possible to 
regulate tiie phase of exdtatkm of the antenna 
elements to a desired value by this delay wave 
opening so that a desired beam pattern of the 
antenna can be obtained* 

As an advantaige of ttite invention, a desired 
amount of phase' shift can be Elected by changing 
tiie number and position of tiie slots 5 and cutout 
6; for example, it is paiticulariy. effective for delay 
when, there is .no rbom lor tite. mjcrostrip line to 
meander. In the structure of this invenitibh. unGto 



the microstrip-Iine-meandering structure, the slots 5 
and cutout 6 having a simple shape are formed in 
the eartti conductor by etching, and it would be 
easy to manufacture an etching mask, which Is 

5 effective in reducing tfie cost of the antenna. Fur- 
tiier, it is also effective in designing and regulating 
a feed circuit unitary antenna having a distn'bution 
of excitation of an array antenna by selecting a 
desired lengtii of tiie slip fine. 

70 If the characteristics of the feed circuit unitary 
antenna does not satisfy a target value of design as 
the distribution of excitation of antenna elements 
becomes turbulent diie to the mutual coupling be-, 
tween the anray elements and between the feed 

75 lines, it is necessary to regulate the distribution of 
excitation of the antenna elements by ariy means. 
However, in . tills case, it Is impossible to regulate 
tiie feed line lengtti wittiout reconstnjcting the feed 
circuit. 

20 According to this invention, by regulatirig the 
number, lengtti or.widtti of tiie slots and cutout to 
be formed In the earth cqhductoV of the microstrip 
line to a desired value when etching. H is possible 
to obtain an antenna in which the delay wave 

25 \ arhount can be iricreased witii ease. The phase 
distribution of . exdtation d the antenria.^arnents 
can therefore be regulated., it Is posstt)Ie to control 
the anteriria i without remaHc^ recqni^cting the 
ariienria^structure. 

30 Rirtii^t this Inv^ can be applied if feed 
circuit iridudesa rrilcrbstrip line. 

FIG. 2 shows ah antenna apparatus accordirig 
to a. second embodiment of the invention. The 
basic structure of this microstrip-llne-iinitary an- 
as tenna is substantially identical with the first em- 
bodiment parts or elements -similar to those of the 
first ernbodiment are designated by similar refer- 
ence nuririerals, and their detailed description is 
omitted here. As a characteristic feature of the 

40 second embodiinerit. It Is possible to rcfgulate tiie 
. delay Wave ^iibunt of - the delay . wave opening 
eas^hf* .fif^i^ ^ tills purp!6soV the .. arilonria^^^^ te 
equipped with a regulating plate . & Ais shown in 
RQ;:2^ the regid^ng^ Q;i|5 icondik^ 

45 ing (»u1 or all of ttie delay wave 

dire^y. The conductive regulating plate 8 is se- 
cured to a dielectric substrate 4 by a fAn 9, .the 
dielectric sul)strate 4 carrying ttie feed fine^ 
The operation of the antenna sqpf^^ 

50 second embodiment is substant^ly siniijar to that 
of the first enibodiment and only the operation of 
the rejgutating plate 8. which is a characteristic 
feature of the second embodiment, will noW be 
descniied. As' mentioned In oonnectkm witti the 

55 first embodiment the slots 5 serve as tiie delay 
wave openings, and the amount of phase sl^ is 
determined by the shi^ of thd 5. .In the 
second embodlrnmt tlie effect' ^lape . of the. 
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slots 5 is varied by the conductive regulating plate 
8. For this purpose, the regulating plate 8 includes 
two oenerally triangular blades 8a. 8b mounted on 
one branch of the earth conductor 3 and covering 
the upper surfaces of the respective slots 5. If s 
different shapes of blades as the regulating plates 
8 are prepared, it is possible to select a desired 
extent of opening of the slots 5 easily by attaching 
one regulating plate 8 having a desired blade 
shape to the dielectric substrate 4 by the pin 9 so . to 
that the. amount of phase shift can be viaried to a 
desired value. This sfructure has the following ad- 
vantages. For example, if the feed line unitary array 
antenria having the same diameter of opening, is 
required to have a number of angles of beani titt, it is 
is not preferable from a cost pdnt of view to 
manufacture an antenna having power supply sys- 
tems for different tilt angles. It is possible to realize 
. an antenna apparatus having different t'lt <angles. 
easily by using a selected one of different shapes 20 
of the conductive regulatihg plates 8 to cover the 
slots 5. In this case, since the antenna elements 
and the nniicrostrip line can be shared, It is very 
advantageous from a cost point of view. Further, 
the conductor 8 Is mounted on the earth conductor 2S 
3 of the microstiip line in intimate contact there- 
vvith, thus not negating the advantage that the line 
is thin. Since the; conductor 8 requires only such a 
size as to cover the slots 5, the width of the earth 
cdndudtbr 3 il^ll nbi u^^ . 30 

According to the second embodiment, in order 
to. vary the . electrical shape of the delay wave 
openings, in the form of slots 5 and a cutout 
opening at one end, in the earth conductor 3 of 
microstrip line, there is provided the conducthre 35 
regulatihg plate 8 for adjustably covering jpf^ or all 
of the slots 5 and cutout 6 direbtly or via a dielec- 
tric thin filni^ Altematiyely, the regulating conductor 
8 may be mptrnted oh a dielectric support plate 1 
It Is therefore possible to vary the phase of exdta- ^ 
Hon oi the antenna , elements to a desired y£ilue:by . 
selecting a sultat>le effective ishape of the slots 5 
and' cutout 6. As a result, a.muriber of antenna 
beam ;pat^ms can bo obfaihed by a single an- 
lenna. 45 

In this eml)odiment, the delay wave openings 
are slots 5: Alternatively the delay wave openings 
may be. in the ifbrm of cutouts 6 as mentioned lii 
the first enUxKfiment 1. The slots 5 and cutout 6 
may be used in comblnafion. The regulafing plate 8 so / 
may include a suitable shape of conductor attached 
to a cfielectrfic i^bte. The slots 5. and cutout 6 may 
be covered by tiie regulating ptale indirectly via a 
dielectric thin film. 

RQ. 3 shows ah antenna apparatus according 55 
to a third emtxxiiment of the inventiCM). The an- 
tenna ^paratus. of ttie third cbitodiment is' a 
miorostriphOneHinitaaV antenna slightly different in 



shape from the first and second embodiments. A 
number of earth conductors are arranged in an 
array on one surface of a bar-shape dielectric sub- 
strate 4. On the other surface of the substrate 4. an 
upper conductor 2 in the form of a narrow strip is 
mounted common for the earth conductors 3. In the 
third embodiment each earth conductor 3 has C- 
sfiape dipoles 7 on opposite sides of a feed fine 
integrally therewith. The microstrip feed line has a 
slot and cutouts 6 as shown in RG. 3. 

In the third embodiment, there is provided a 
regulating plate 8 for selecting an arbitrary effective 
shape of the delay wave openings. In the fonm of a 
slot 5 and cutouts 6. The regulating plate 8 is 
adjustably attached to the substrate 4 so that the 
opening area of the slot 5 and cutouts 6 can be 
varied wHh maximum ease. 

As shown in RG. 3, the regulating plate 8 
Includes a first conductor iBc for covering tfie slot 5, 
and a second conductor 8d for covering the two 
cutouts' 6, the two regulating conductors 8c, 8d 
being mounted on the lower surface of a dielectric 
support plate 15. The support plate 15 is super- 
posed over the dielectric sut>strate 4 in such a . 
manner that the two regulating conductors 8c, 8d 
are brought into Intiniate contacit wlth the slot 5 and 
the cutouts 6, respectively. The support plate 15 is 
adjustably attached .to the dielectric substmte 4 ^^6^^ 
a screw il . Spedficatly, tiie supi;i^rt plate 15 has 
an elongated hole i5a^ arid likewise the dielecbic 
substrate 4 has a through-hole 13. tiie screw 11 
extending through the elongated hole i5a and the 
thrbugh-^le 13 via a spring washer 12. A conduc- 
tive leoeMng plate 10 is mounted on the microstrip 
line side of the dielectric substrate 4, and the 
screw 11 threadedly extends to a threaded hole 14 
of the receiving plate 10. The support plate 15 Is 
ior^ltudinaliy imovatile relativid to the substrate 4 
wittiin a raifige of the elongated itole 1^ By mov* 
ing tfie support plate 15 with respect to ttie ^l>- 
strate 4, it is po^bie to vary the area of the slot 5 
and cutouts 6 to be covered with , the 'regulating 
conductors 8c, 8d :S0 Ithat the. delay wave amouiit 
and angle iof orientation of antenna can be adjust^ 
as desired. 

The operation/Of the antenna apparatus of the 
third embodiment will now l>e described. In this 
emt)6diment, ttie dielectric substrate. 4 on :which 
the dipoles 7 and the fe^ One is damp^ and 
fixed between the receiving ptete .10 and the sup- 
port plate 15 carrying the regulating plate 8. As 
these parts are stably fixed by screws, it is Ipkis^ 
ble to retard deformation of parts due to the 
change of en>^rbnment of vibration and material. 

As an advantagepi^ feature of this 6mt)0Hdi- 
nient tiiere is provided the receiving plate 10 for 
fixing the r^iilating ptete 8. carrying the. suppbrt 
plate 15. Sihoa the recetving ptete 10 has a nvidtii 
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smaller than that of the upper conductor 2 of the 
microstrip line and is superposed over and fixed to 
the upper conductor 2 so that any part of the 
receiving plate 10 does not project from the upper 
conductor 2 sideways, the electric characteristic of 
the microstrip One is virtually the same when com- 
pared to that In the absence of the receiving plate 
10. tt is therefore easy to design the feed line using 
the ordinary microstrip line analysis. Since the re- 
ceh/ing plate 10 is formed within the widtfi of the 
dielectric sutsstrate 4 and the support plate 15. it is 
possible to save space. If the material of the fas- 
tening screws is a dielectric having a dielectric 
constant which Is virtually equals to that of the 
dielectric substrate 4 cariTing the microstrip line, 
reflection from portions around the screws 11 will 
not be changed very much. 

With Ms arrangement, it Is possible to support 
the delay wave opehfiig of the feed fine wittiout 
causing substantial damage to the electric char- 
acteristic of the antenna, if spring v^ers 12 are 
used witii the di^ecSric screws 11, an Improved 
support mechanism more resisteuit against >nbration 
and displacement can be achieved, giving a stable 
electric characteristic. 

. fn this embodiment, the fastening screw 11 is 
inserted through 9^ elongate hole 15a via a spring 
washer 12. This structure has the fbiloMhg advarv*: 
tage. By moving the support plate 15 on the dielec- 
tric substrate 4 lohgitiidiril^^^ antenna after 
the support plate 15 is mounted on the substrate 4. 
It Is possible to vary the amount of phase shift by 
changing the electrical sha^ of the slot 5 , and 
cutouts 6 to an effective value so that the direction 
of rriain t)eam of the antenria can be changed. In 
this case, it is possible to Icebp the dieiedii^ sub- 
strate 4 and the support plate 15 stably in a- fixed 
state under the resilience of the spring washer 12 
without retlghtehing the fastening scnsws It 

This embodiment Is also useful when it is not 
neod^ary to move the support ptate on the dielec- 
tric sutistratB '4. 

In an altemath/e form, the dedicated upper 
conductor 2 oi ttte microstrip line ma^ be oniitted. 
and tfie conductiva receiving plate 10 may also 
serve as the upper conductor. Hius the receiving 
plate 10 is a support mechanism and the upjper 
conductor of the microstrip line. With this anrange- 
ment it is jppssible to reduce the number of parts, 
and only one surface of the dieleclric substrate 4 
must be etched, flius redudng the cost of produc- 
tion.. 

In Fia 3. the receiving plate 10 is an elongated 
conductor extending longHiMfinally along the micro- 
strip One. Altom^ly. tiie rteehdiig plate 10 rhay 
tie a numt>er of short conductors each havfrig a 
thread^ hole 14, and the short conductors may be 
anranged discretely to reoehre the reactive 



screws 1 1 » 

RG. 4 shows an antenna apparatus according 
to a fourth embodiment of the invention. The fourth 
embodiment is an improvement of the second em- 
5 bodiment; parts or elements to those of the second 
embodiment are designated by similar reference 
numerals, and their deteiled description is omitted 
here. 

A characteristic feature of the fourth emtx)di- 
10 ment is that the regulating plate 8 can be easily 
adjusted on the substrate 4 to adjustably cover the 
slots 5. As a result, the opening area of the slote 5 
can be easily regulated and a desired arigle of 
beam qrientetion can be obtained. The regulating 
Y5 plate 8 of ^e fourth embodinient is different from 
that (If RQ. 2 in that it is movably mounted on the 
substrate 4 by a semhfixed pin 16. The regulating 
plate 8 has ori its rear end a lever 17 which serves 
to select an art)ltrary po^on of the regulating plate 
20 8. 

The operation of the antenna apparatus of the 
fourth embodiment will now l)e describcid. Ai^ the 
shape of the delay wave opening or slots 5 Is 
continuously varied, the phase will also vary con- 

25 tinudusly. By varying ttie covered area of the sibte 
5 by ttie lever 17 of tfie regulating plate 8, it is 
possible to select a desired phase ishift characteris- 
tic of the' antenna cpritinubusly: For example, the 
orientetion of the rnain beam can be varied continu- 

50 ousiy, it has been custbinary to use a digital phase 
shifter as a phase shift mechanism of the phased 
array antenna; for exarnple. a digital phase shifter 
is not useful from a cost ;polnt of view In the case . 
where the beam orieiitalim rnust be finely adjusted 

35 as required when installing an antenna for a base ; 
station to cover only a certain service area, and 
then thei boam orientation must be fixed. Con-: 
sequeiitiy a low-cost analog phase sMfter would be. 
required. Accordirig to this erhlx>diment, a tow-cost 

40 phase shifter in which the feed drcu'it is excellently 
unitary can fc»e reaTized. This invention should by 
no means be tiiinilted to the base station! For exarn^; 
pie. it rnay be used in a moving communication 
terminal, in this case, a low<osl and fnaJn^beariW . 

45 orientatior>-variabie array antenna can be otrt^ed 
■ in which even if the direction of . location of the base 
station varies continuously, a istable communication 
is possible tyy scanning the main boam contimi- 
ously. 

50 Witi) this arrangement since there Is provided 
^ mechanism tor moving ttra conductive regulat- 
ing plate 8. which covers the slots 5 to vary the 
effective shape of the delay wave opening or slots 
5. in parallel to the earth conductor 3 of the micro- 

55 strip line, the delay wave opening can be used as a 
phase shifter for varyirig the phase continuously. 
Further, since the phase, of excHtetion of . the an- 
tennst can l>e varied continuously , to a desired 
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value, it is possible to vary the shape of the beam 
pattern continuously. 

RGS. 5 and 6 show an antenna apparatus 
according to a fifth emk^dlment of the invention, in 
which the effective area of the delay wave opening s 
can be varied. The antenna apparatus of the fifth 
embodiment is a slot antenna, in whfch a beNike 
upper conductor 2 is mounted on one surface of a 
dielectric substrate 4, and an earth conductor 3 
having a number of radiating slots 18 is mounted to 
on the other surface of the dielectric substrate 4. 
the two conductors 2, 3 Jointly constituting a micro- 
strip line, fikewise. the foregoing embodiments, the 
microstrip line of the earth conductor 3 has a 
number of slots t)etween the radiating slots 18; a i5 
desired amount of delay wave and a desired angle 
of orientation of the antenna can be selected by 
varying the effective opening area of the slots 5. In 
order to regulate the effective opening area of the 
Individual ^ots. 5, a number of conductive regulat- 20 
ing plates 8e carried by the support plate 15 is 
superposed oyer the eartti conductor 3 so as to 
cover the individual slots 5. Each regulating plate 
8e has a V-sha|>e lower end, and as a result if tiie 
support plate 15 is shifted longitudinally with rie- 25 
sped to the dieiectnc sut>strate 4. tiie slots. 5 can 
be covered to a desired , ^ctent by the regulating 
plates 8e. In Ihls' embodlrhent partiy since . the: 
dielek:tric sut)Strate 3 and the support pjate 15 are 
supiefiposed' over In intimate con^ with one an- 30 
other, by a numt>er of dips 19 as shown In RGS; 5 
and 6, and partly since tfie dips 19 are made of 
plastics, the support plate 15 can sHde longitudi- 
nally with respect to the substrate 4. A mechanism 
fpr sliding tiie support plate 15 on tiie substrate 4 as 
is shown in RG. 6, in which an L-si^p^ bracket 
20a IS secured to one end of the substrate 4 by 
screws 21a, 21b, and ah adjusting screw 24 is 
axially immovably but rotatal>iy attached to one 
end of the bradcet 20a. .^o 
On the other dde, anptiier L^shape bracket .2^^ 
. is se(»re^ b the (»nre^ 

pl9te 15,.and a titreaded portion 24a of tiie adjust- 
1^ meiw 24 is thriead^dly ;eng tiie brack- 

et 20b. therefore, by tiirning ttie adjusting screw 45 
24, it is possible to slide the support plate 15 
kmgltudlnafly on, the substrate 4. 

; Tlie operation of the antenna apparatus of tiie 
fifth embbdimenl win now be described. In tiiis 
enibodiment. the radiating slots 18 are designed in so 
such a dze . as to resonate and radiate at a target 
frequency and is seen as a virtually pure resistance 
as viewed from tiie feed One. the dots 5 as tiie 
delay wave opening are dedgned so as to be b 
■ series Inductance as viewed from tiie feed line, and ss 
radiation from the dots 5 Is negligibly, small com- 
pared to tfie radiating slots 18. The slots 5 are 
partly or wholly masked by tiie regulating plates 8e 



which vary tiie slot shape. The regulating plates 8e 
are mounted on the surface of tiie dielectric sup- 
port plate 15. If tiie dielectric support plate 15 is a 
thin film, It may t>e tumed upside down and at- 
tached to the eartii conductor 3 In intimate contact 
therewith. Signds are supplied in tiie travelling 
wave from one of the upper and earth conductors 
2. 3; signds are supplied to tiie radiating slots 18 
one after another while they are delayed by the 
delay wave or»ning or slots 5. Therefore, the In- 
dividual slots 18 serve as an anray antenna which is 
fed in a desired phase of excitation. Further, when 
the dielectric support plate 15 is continuously dis- 
placed axialiy of the antenna to vary the^ shape of 
the slots 5 and hence the amount of phase shift, it 
IS possible to vary the antenna t)eam pattern con- 
tiniioudy. As the most dmple example, the length 
of the microstrip line between tiie nearest two skits 
18 Is about integer times the wavelengtii. and the 
selected distance d of tiie dots 18 is d<k/(1 + dnh) 
(k is the wavelength, and h is tiie mdh beam 
orientation) 90 that the array of tfie radiating slots 
18 will not cause a grating tobe. There are, t>e- 
tween tiie radiating slots 18, as many delay wave 
slots 5 as the frequency of phase shift required for 
antenna bearn scanning. For example, in the case 
where the delay wave dots 5 are in pdrs. it is 
possible to reduce! reflection of the slot pdrs if the 
distdice of the slots 5 is approdmatdy ^1/4 
waveleiigth of the feed line. Witii this arrangement, 
partiy since the antenna apparatus presents the 
mdn beam to be radiated sut)stahtidly .dong the 
plane perpendicular to the axis of. the antenna, and 
partiy since the didectric substrate 4 and the regu- 
lating support plate 15 are relatively moved, it is 
posdbte to continuously scan tiie mdn be^iriri in the 
verticd plane. The antenna mbvirig mechaiilsrh is 
preferably of the structure as shown in FIG. 8. The 
dielectric substrate 4 and the support plate 15 are 
mutudly didably supported by tiie dielectric dips 
19; lor a displacement between the subistrate 4 and 
the ^ppbrt i^ate 15, it is only ne turn 
tiie adjusting sqrew 24. Witii tiiis structure, since 
the beam;^em varies accord- 

ing to tto aiigle of roitetion of the adjusting screw 
24. ft is posdble to f^'fHate. operating the antenna 
. apparatus. . . ' 

FIG. 7 Is a cross-sectiond view showing an 
antenna apparatus according to a dxth embodi- 
ment-of the invention. Tto dxtti embpdiment has a 
structure in which the antenna of the fifth emt)odl- 
ment accomrhodated in a cadng; tiierefpre, parts 
or elements dniilar to those of the fiftti eiiit>odi- 
ment are dedgnated by similar reference numerals, 
and tiieir detdled description is omitted here. 

In the dxtti emtiodlment, the support plate 15 
canrying the regulating plate 8 is superposed over 
the dleli^tric substrate 4 carrying the microstrip 
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feed line as a unit by the dielectric clips 19, and 
the substrate 4 is secured to one end of the casing 

25 by a screw 21 d. On the side wall of the casing 
25. an adjusting screw 24 is rotatably but axially 
Immovably attached, with its threaded tip end 
threadedly extending into a threaded hole 28 of the 
support plate 15. Therefore the support plate 15 
can be adjusted tongitudinally on the substrate 4 
according to the rotation of the adjusting screw 24, 
and a desired directional angle of the array antenna 
can bo selected. 

Tenninal pins 27a. 27b are respectively con- 
nected to the upper conductor 2 and the earth 
conductor 3, which are mounted on opposite sur* 
faces of the substrate 4. The temninal pins 27a, 27b 
have lower ends projecting outwardly from the cas- 
ing 25 to be electrically connect^ to a power 
supply connector 26. The power supply connector 

26 is secured to the outer surface of the casing 25 
by&!crews29. 

The operation of the antenna apparatus of the 
sixfli embodiment will now be described^ The op* 
eration of the electrical systiem of ttils embodiment 
is similar to that of the fifth embodiment In gen- 
eral, the antenna is acconimodated in the casing In 
order to Improve the gdodriess of fit.to the enviipn^ 
ment of the installation, in the' sixth embbdimeht. 
thevantenna of FIG. 5 is rruiinited in the dielectric, 
casing 25. i^or power supply to the ahteiina, a core 
27a of . the powjer supp^ a)nrobtdr 26 Is cohriected 
to the upper conductor 2 of the microstrip fine, and 
an external conductor of the connected Is con- 
nected to the earth conductor 3 via a short-aYcuit 
yne 27. Power is supplied to the antmina from the 
(Xihnector 26, aiid the angle of antenna t)eam tilt is 
adjusted by rotating the adjusting screw The 
advantage of this emt)odlment is that it Is possible 
to adjust the angle of aritenna beam tilt after the 
antenna has been installed, sojtfiat the orlentafi(m 
of the antenna can t)8 varied without any laborious 
work such as rembying and disassembling the an- 
tenna. 

According to the sixth ernbodiment, the an^ 
. tenna elemeiris ami the feiad One 
electric ca^ng 25, and the rndving mechanism for 
varying the shape of slots and cutout in the earth 
conductor 3 of the micrdstrip feed line is driven 
from outside of the ca^ng 25. tt is tiierafore :possi? 
ble to vary the angle of beam Hit after tf» antenna 
apparatus has actually been installed. withfMit (fis- 
assembling the antenna 

RQ. 8 is « perspediva view showing an an- 
tenna apparatus according to a seventti emtxxli- 
ment of the invention. In the seventh embodiment, 
the earth conductor 3 and the upper conductor 2 
are mounted respecli^^ on opposite surfaces of 
the dielectric siibstrate 4 . to Jointly constituta' ttie 
nttoroistrip One fbr'the antenna. The earth conductor 



3 is divided into two electrically non-contact por- 
tions by a slit 32, whose width is very small com- 
pared to the wavelength of the target frequency. 
Near to the slit 32, dipole antennas 30 are fonned 

5 Integrally with the earth conductor 3 so that a 
desired antenna beam can be obtained. In each 
dipole antenna 30, a conductor 31 having a length 
of approximately 1/4 wavelength in the target fre- 
quency constitutes a dipole for the individual an- 

10 tenna. 

The operation of the antenna apparatus of the 
seventh embodiment will now be described. When 
a signal running in the microstrip line composed of 
the earth conductor 3 and the upiper conductor 2 

15 reaches the sfit 32. a potential difference is created 
betWiden the two eartfi conductor portions 3 so tiiat 
the dipoles 30 will be exdted to radiate electric 
waveis into the air. In RG. 8, the two dipoles 30 are 
used. Altematively, only one dipole 30 rnay be 

20 used. Thus it is possible to form the dipoles in the 
earth condiidbr 3 of the microstrip line. IHirther, In 
RG. 8, each of the dipoles 30 is of a single-step 
structure. Altematively the dipoles 30 may be of a 
multi-step structure so that an array antenna can 

25 be obtained. An advantage of the seventh embodi- 
ment is that since the 'dipoles 30 are accomnio- 
dated wtthin the earth conductor 3 of the strip line, 
tiie antenna is reduced in height. Further, since the 
feed linia and ihB ahterina,are unitary, an improved 

30 inanufacturing prbbess cari be realized. From an 
electrical view point the dipoles 30 have an advan- 
tage. For example, when matching the dipoles 30, 
tiielr main adjusting parameters are the length of 
the conductor 31 of approximately 1/4 wavelength 
.35 and the width of the sitt 32 so that an increased 
degree of fireedom can t>e achieved, thus causing 
tiie following advantege. Assuming that the dipoles 
30 are to be arranged in array longitudinally of the 
feed line and that the array antenna gairi is to be 

40 rna)dmal by unifonn excitation distribution, ft is ne^ 
essary to reduce the extent of coupling t)etween 
the dipoles, 30 and the feed Gne for ttie antenna 
' element near the power supply point of the feed 
liifie. aiid . to increase it ^fpr the antenna elemerit 

45 remote from the power supply point Because tiie 
electric power of the signal running in tiie feed line 
is attenuated gradually as the antenna elements 
radiate. GonventiohsJIy, In order to /regulate the 

. . ejdent of qdnnection between tiie f^d Gne^^a^ 

so dipolQS 30, It has t>een suitable to adjust the wldtti 
of tiie ^tt 32 and the tength of tiie conductor 31 : 
Whereas in this Invention, since there are two pa- 
rameters. 1.0., tiie wldtti of tiie sIH 32 and ttie lengtii 
of the conductor 31. easy acQustmerit can be 

55 achieved. As tiie result of acQustment if the dipoles 
30 are seen as a piire resistarice as viewed from 
tiie feed Gne. the phase at the dipples 30 doe^ not 
vary. .K is ttierefore pos^le to estimate tiie power 
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supply phase of the dipotes. and thus easily facili- 
tate design of the antenna. With this arrangement, 
there is more than one main adjusting parameter, 
and It Is possible to adjust the impedance of the 
dipoles 30 so as to approach a pure resistance. 

In this embodiment the sfit 32 having a very 
small width compared to the wavelength is ^ated 
in a comrnon plane with the earth conductor 3 of 
the microstrip line, dividing the earth conductor 3 
into two electrically non-contact portions. Each of 
the two earth conductor portions near the sTit 32 is 
provided with dipoles 30 to which power Is to be 
supplied via the siit 32, each dipole 30 including a 
conductor 31 of approximately 1/4 waveiength at 
the target frequency. Further, since the dipoles 30 
are connected in muHipIja steps longitudinally of the 
microstrip line, it is possible to obtain an Inexpen- 
sive antenna apparatus which is small in height arki 
can be manufactured In the same mariufactiffii^ 
process with the micrc^p line. 

FIQ. 9 . Is a pers|3MB0ttve view showing an an-, 
tenna Apparatus accordihg to an eighth , embodi- 
ment of the invention, the eighth embcxHftient is 
similar to the seventh emtxxiiment accept that . 
there is provided a choke 33 for minimizing reflec- 
tion from the slit 32 in this targiBt frequency band. . 
The choice 30 is in :the form of a gap t)etween the 
conductors 31, which serve /as dipole antennas, 
and the earth conductor 3. 

Thi^ operatidh oif the antenna apparatus of the 
eighth embodimefit will how. be tJescdbed. The 
dipoles 30 have chokes 33 each defih^ t>6tween 
the conductor 31 and the earth conductor 3. The . 
choke 33 has a sheeted lengtii of approximately 
1/4 wavelength so as to minlnnize refiisction. from 
the slit 32 In the target frequency bar^. In tttis 
embodiment, the dioke ^ is in the form of a slot 
Gne opening at one. end of approximately 1/4 
mvelehgth in ttie target frequency band. Since the 
slot fine opens at one end as shown in RG. 9, the 
vicinity of the slit 32 te 9e^ 
circuited so that separatlori by tfiie s0t- i32 d the 
earth conductor 3 is reduced. Also in RQ. 9. since 
tlici^ are tdur^^^^c^ clue liD^^^^^^^ 

separation of the slit 32 is unlikely to ocoir so that 
it Is very ad\^ntageous in matching the feed line 
unitary antenna. This structure Is also effective 
when the dipoles 30 are arranged in . anray In mul- 
tiple steps tongitudlnally of thei feed Une, causing 
the same advantageous result If the dipole anten- 
nas are in array in particular, it would cause the 
fbltowlng new advantageous result CdiiSder an 
array antenna iri which the dipbies are connected 
In multiple steps via the mlcrosMp^fine having a 
length of approximately integer times the 
wavelength. In the array antenna, there exists the 
sm 32 wMdi 1^ separation of the feed One at the/ 
poison oif approximately iriteger tinm tiie 



wavelengtii. The microstrip line having separation 
at opposite ends and having a length of approxi- 
mately Integer times the wavelength serves as a 
resonator and, as a result, a standing wave current 

5 would occur from the resonation chiefly on the 
earth conductor 3 and then it would be strongly 
radiated. Under the influence of the unnecessary 
radiation, the characteristic of the array antenna 
wouM be remarkably deteriorated. Therefore it 

10 would be important to prevent such resonation. 
According to this Invention, however, since reflec- 
tion from tfie slit 32 is reduced, any • resoriation 
mode corresponding to ttie resonation does not 
stably exi^ so that tiie above-mentioned uhnec- 

75 essary radiation cari be reduced effectively. 

' Awarding to tfie elghtii embodiment the choke 
33 is a gap between the conductor 31 of approxi- 
mately 1/4 wavelengtii in tiie target frequency and 
the earth conductor 3 of the nrilcrostrip line. The 

20 choke 33 has a shape such as to reduce reflection 
froni the discnste poftion or slit 32 of the earth 
conductor 3 in ttie target frequency band, thus 
improving tiie reflection characteristic of tiie an- 
tenna. As a result a high-efficient antenna appara- 

2S tus can be obteined. 

: , In this embodiment tiie two dipoles 30 are 
connected witii tfie sift 32. Altematively, a single 
dipole 3d may be pirw^^ 

RG. 10 is a perspective view showing an ian- 

30 tenna apparatus according to a ninth embodiment 
of tiie invention. In RQ. 10, reference numerals ^4, 
35. 36, 37 de^gnate 6hokes eacti haying a opti- 
mum frequency in canceling reflection from the slit 
32 in or alwut tiie target frequency band. Two 

35 chokes 34, 35. 36. 37 constituting a single dipole 
30 hm difterent peaks. 

. The operation of the antenna apparatus of the 
nintti embodiment will now be described. Accord- 
ing to the ninth embcfdiment in' the antenna ap- 

40 paratus of the eighth embodiment there are pro- 
vided a jiurtibcir of chokes of different lei^gfttis. The 
Individu^ choke 34. 35, 36. 37 have a p^ in 
cancenng reflection frorti the slit 32 in or ab^ 
. target frequency, bsm^ 

45 Ing a single di()bla have differerit peWcs. Spedfi- 
caily, in RQ. 10. assume that ttiia chotes 34. 35 
have different peaks while tiie chokes 36, 37 have 
different peaks. However. H is not rieqossary that 
each pdr of chokes 34, 35 (36. 37) to a^^^ 

50 shape; This invention is particularly effective when 
usi^Mj in tiie following applications. f=br exarnple, 
. when ttie target frequency band of the anterina Is 
wMe, tiie choke 33 of ttie elghtti emt)odiment. can- 
riot effectively cancel reflection from the stit In the 

55 entire band on some occasions. Whereas in thp 
nintti embodiment it Is possible to reduce, reflec- 
tion from tiie dit 32 over a wide frequency, band for 
the foflowbig reason. Assumirig that as ^wn In 
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RG. 10, the choke 34 is relatively long and the 
choke 35 is relatively short the long choke 34 
reduces reflection from the slit 32 in the lower part 
of the target frequency t>and. while the short choke 
35 reduces reflection from the slit 32 In the higher 
part of the target frequency t>and. As a result it is 
possible to reduce reflection from the slit 32 effec* 
lively In the target frequency i>and. If the target 
freiquency band can be covered by the two chokes 
34, 35, the chokes 35, 36 may be identical In 
shape wHh the chokes 36, 37. If the target fre- 
quency band is much wider, the lengths of the 
diokes 34, 35, 36, 37 having the respective peaks 
about four frequencies f1 - f4: f1=fL, f2=fL+d, 
f3=fL42d and f4-fH. wtiere fL is the lowermost 
frequency of the target band, IH is the highest 
frequency, and d-(fH-fL)/3. For example, the 
chokes 34, 35, 36, 37 conrespond to f1. f3, f2, f4, 
respectively. 

According to the ninth embodiment the shapes 
of the chokes 34, 35, 36, 37 have peaks in reduc- 
ing reflection from the discrete portions or slits 32 
In or about the target frequency band. A pair of 
conJuctors having a length of approximately 1/4 
wff/elength and definlrig each pair of chok^ 34, 35 
(3iB, 37) having different peaks constitutes a single 
dipole 30. Therefore reflection from the discrete 
pbrtlori is retairded over the .ehiire^ target frequency 
baiid, .antl an antenna aipparatus rnuch rnoire effi- 
cient in a wide frecjuency band can tierrealized. 

FIG. 11 is a perspective view showing an an* 
tenna apparatus according to a tenth emtx)diment 
of the invention. In FIG. 11, a dielectric coyer plate 
38 covers In Intimate 'contact a dielectric ^bstrate 
4 carrying an earth conductor 3 of the microstrip 
line. The cover plate 38 is substantially ^lual in 
dielectric constant thickness and widtti to the di- 
eledbric. substrate 4. Two dpoles 30 are locaited in 
po^^ns fine symmetrical with respect to the cen- 
ter fine of the lengtfi of the microistrip line. 

The operation of 
tentti enibodiment will nbw be described^. Accord- 
ing to this .emt)odlment the radiatipii charadteristic 
of the antenna vailes a ilttie when thi» aiHenna Is 
turned by 180 degrees about the center line of ttie 
length of the microstrip fine. It is e common knowl- 
edge that the characteristic off the dielectric sut>* 
strate 4 and the deledric cover pla^ ;33 about the 
dipble 30 exerts significant influence on tfie radi- 
ation of the anteinna. In this invention, the dielectric 
coyer plate 38 and the dielectric substrata 4 are 
arranged in symmetry with respect to tfie dipole 3D 
in such a manner tiiat their electrical characteristics 
are 8ut)stantial!y the same. If the gap betweofi tiie 
two dipoles 30 is very small opmpared to the 
waveierigtii, it is posslt)ie to ot>tain a noh^ireciional 
characteristic in a plarie perpendicularly to the lon- 
gitudinal direction oif ttie antenna. In this case, It Is 



particularly important that the dielectric substrate 4 
and the dielectric cover plate 38 have the same 
electrical characteristic, ^pedally if tiie dipoles 30 
are arranged in an^y longitudinally of the antenna 

5 and if the dielectric substrate 4 requires an ade- 
quate strength such tiiat the antenna will not be 
bent the dielectric substrate 4 must be somewhat 
larger in thickness and higher in dielectrk: constarit. 
In this case, the beam pattem in the direction 

TO where the dielectric sut>strate 4 exists and tiiat in 
the direction where the dielectric substrate 4 does 
not exist would t>ecome considerably asymmet- 
rical. This eml)odiment reduces this asyrhmetry. 
According to the tentii - emtK)idiment two 

15 dipoles 3b aire located in positiohs line symmetrical 
witti respect to the center line of the line oi the 
microstrip line. The two dipoles 30 are anranged. in 
one step or multiple steps longitudinally of the 
microstrip line. Further, the dielecfrte. cover plate 

20 38. which is substantially equal in dielectric con- 
stant, thickness and wtdtti to fhB substrate 4 carry- 
ing the microstrip line arid the dipoles 30, is super- 
posed over the earti) cpniductor 3 of the microstrip 
line, it is thereby possible to reduce deterijoration of 

2S the radiation pattem due to the difference In dielec- 
tric consterit in the upward and downward dlrec-. 
' tionS 'Of the dipoles 30 so that an aritenna ap 
tuis li^yihg a good symrnetry can be achieved. 
FIG. 12 is a perspective vievv showing an an- 

30 tenna apparatus adcordirtg to Ian eleventh embodi- 
ment of the invention; In FIG. 12. parts or elements 
sirnilar to those of the tenth embodiment are .des- 
^naled.by the ssune reference numerals. 

The operation of the antenna apparatus of the 

as eleventii emtK)diment will now be described. In this 

. . entering apparatus, the dipoles 30 are anranged in 
multiple steps via the sfits 32 longitiidlhally of tiie 
. miofostrip line. t)elng bmcated ln a oomrnon plane 
witfi the earth conductor 3 of the microstrip Fine. 

40 The earth conductor 3 betvreen the dipoles 30 has 
slots S ^and cutoti^^ 

operEftidh prindptes of Otis: arrtsnnai are dinilar to 
those of tfie first and seventh embodiment .The 
advantage of this invention Is as f pltows. Since the 

45 dipptes 30 serving as antenna elements and the 
delay wave openings in the foiTn of the slots 5 and 
cubutSv6 are tocated in a oommori plane witt) the 
. earth conductor 3, the. antenna is low in height 
Further, it is piossible to form the conductors on the 

so dielectric substrate 4 in one and the same etching 
probess, and the antenna Is simple in structure and 
hence Is suitable for mass ^manufacturing. In the 
at>sence of the slots 5 and the cutouts 6, the pha^ 
of array excitation of the dipoles 30 is determined 

56 by the leihgtti of ttie microstrip One. Aoconling to 
the eleventh ernt^ ^ce an arbitrary delay 
wave diaracteristic oif the same microstrip Kite 
lengtti Is. obtained , iisiiig the delay wave opeitfngs 
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in the form of the slots 5 and cutouts 6, the dipotes 
30 can be anranged at arbitrary anray distances 
while keeping a desired excitation phase value. In 
this case, it is possible to set up the dipoles 30 to 
an optimum value to be determined from the effec- 
tive opening area of the antenna, irrespective of the 
length of ttie feed line. 

According to the eleventh emtiodlment, power 
is supplied to a number of divided antenna ele- 
ments from the.microstrip line. The microstrip line 
acts as a common transmission line with the an* 
tenna elements. The earth conductor 3 not to be 
regarded as part of the antenna elements have the 
delay wave opehlrigs each in the form of the slot 5 
and the cutout 6 opening at one end. The dipoles 
30 are . located Iri a comrnon plane with the earth 
conductor 3 of the microstrip line, and each dipole 
30 Is constituted t>y a pair of conductors of ap- 
proximately 1/4 wavelength and is energized via 
tfie slit 32, which is very small compared to the 
wavelength and divides the earth conductor 3 into 
two electrically non-contact portions. With this ar- 
rangement, it is possible to obtain a desired phase 
of; excitation of the antenna elements because of 
the delay wave (jpenings without varying the dis* 
tance^totween ihe antenna elements so that a 
.smaii^hei£|llt pbwer^idfcult-unitary antenna having a 
desired radlatipn directivity can b|9^,^^ 

This enribodlmeht has the advantages of tiiiai 
first and seventh embodiments in combination, with 
no dsk of cancalirig each other's advantage! The 
antenna elements may have altemative shapes of 
the eighth and ninth embodimerits as required. 

RG. 13 is a perspective view shovnng an an- 
tenna apparahis according to a twelfth embbdiment 
of the invention. In RG. 13, parts or ^laments 
similar to thbse off the eleventh embodiment are 
designated by the same reference numerate. 

The operation of the antenna apparatus of the 
twelftti embodiment will now t>e described. In this 
embodiment in order to vary the amount of phase 
shift df^ ti^ in th^ form of 

slots S and cutouts (B, there is proved a dielectric 
support p^ 1 5 carrying masking c^nductMS - and 
sut>stantially equal in shape to a dielectric sut>-' 
strale 4^ With this anrangernerit, an iariterma appara- 
tus having the advantageous features of the sec- 
ond, seventh and'^^nth embbdinnisnts in cbmblna-. 
tion can be realized; l^fs Is, an Improv^. a^ 
apparatus in whidi the radiation pattern b syi^ 
rical and can be varied and in which various ele- 
mients are formed contpactty witiiin the feed fine. 
The antenna may be supported by the mediantem 
described in connection with the third embodiment 
The antarma elements may have altemative stiapes 
of the dghtti and nMi enribodlments. 

According to the twelftti embodiment tfie -di- 
electric support plate 15 canying the regulating 

S'. 



conductors 8 for covering tiie delay wave openings 
in the form of the slots 5 and cutouts 6 is super- 
posed over the earth conductor 3 of the microstrip 
line, each support plate 15 l)eing substantially 

5 equal in dielectric constant, thickness and width to 
tiie dielectric substrate 4 on which the microstrip 
line 2, 3 and the dipoles 30 are mounted. Thus an 
antenna apparatus results in which a number of 
radiation patterns can be formed, each in neat 

10 symmetry, and which is small in height 

RG. 14 is a perspective view showing the 
whole structure of tfie twelftti emtxxllment In RG. 
14. parts or elements substantially similar to those 
of RG. 13 are designated by similar reference 

15 nunierals. 

' The operation of the antenna apparatus of the 
twelftti embodiment In the structure of the twelfth 
emt>odiment as the antenna elements, the dielec- 
tric substrate 4 and ttie dielectric support plate 1 5 

20 are supported by the dielectric dips 19 in such a 
mariner that they are continuously moved relative 
to each other. The moying mechanism may. be of 
the type described in connection witti tiie fourth 
embodiment With this arreuigement the antenna 

25 apparatus has the advantageous features of the 
fourth and seventh emt>odirnents in combination; 
this is, an anterina apparatjs in which various ele- 
ments, are formed, corripactiy in the feed linie and 
the radiation pattern. can be. varied coritinuously. 

so The antenna is supported by the mechanism de- 
scribed in connection witii the third embodiment 
The antenna elements may have alternative shapes 
of the elghtii and ninth emt)odiments. In order to 
improve the syinmetry of the radiation pattern, the 

35 structure of the tenth embodinient may t)e used. 
Further, the whole antenna may accommodated in 
the dielectric cfising, and the mbidng mechanisin of 
the.sixtti emtx)dimeflit.may be used. 

According to this embodimeiit the dielectric 

40 support plate 15 carrying the dielectric regulating 
plates 8 for covering the delay wave structure in 
the form of the dot^ S and cutouts 6 is substein^ 
: tially equal In dielectric constani thtekness and 
. width to ltie substrede 4. . 

45 RG. 15 shows an antenna apparatus according 
to a thirteenth embodiment of the invention, illus- 
trating a stnicture for bringing the dielectric sut>- 
strata 4 and the regulating ^4)pprt plate 15 Into 
sliding iritimate contact with each other. In RG. 15. 

50 metal wires, instesuJ of the. dips 19. such as^w^ 
39 of sdderihg plating copper are secured to the 
substrate 4. Ottier parts or elements dmllar to 
ttiose of the first to thirteentti emtxxiiments are 
deslgrmted by similar reference numerals. 

55 The* operation of the antenna apparatus of the 
thirteenth embodiment v^n now be descn^ed. In 
ttie antenna structure of ttie twelftti embpdirrient 
the dielectric substrate 4 and the dielectric support 
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plate 15 are pressed against each other using 
metal wires 39 extending through holes foniied In 
the dielectric substrate 4 at positions influence-free 
electrically (positions other than the earth conduc- 
tor of the microstrip line), and the dielectric support 
plate 15 is slidable longitudinally on the dielectric 
sut>strate 4. The moving mechanism may be of the 
type descrit)ed in connection with the fourth em- 
bodiment The antenna apparatus has the advanta- 
geous features of the fourth and seventh embodi- 
ments in combination; this is, an antenna apparatus 
in which the radiation pattern can be varied con- 
tinuously and in which various elements can be 
formed compactly in the feed line can be obtained. 
The antehha rhay be supported by ftie metchainism 
descrit)ed in connection witti the third emtx)diment 
The antenna elements may have aftemative shapes 
of the eighth and ninth emt)odiments. In order to 
improve the symmetry of the radiation pattem, the 
structure of the terith embodiment may be used. 
Further/ the whole antenna rnay be accommodated 
in the dielectric casing^ arid the moving mechanism 
of the sbdh embodlrhent nniay be used. 

According ibihe loose attachm ant between the 
sul)^rate. 4 and the support plaje 15 usirig the 
wiries 39, the support mechairiisrh is resistant 
agairist vibration and displacemerit. and an antenna 
af^aratus having a stsible electrical characteristic 
can be risafized, 

FIG/ .16 shows an. antenna apparatus according 
to a fourteenth emt)odiment of the invention, in 
which a clamp instead of the wires of the thirteenth 
.emk)odiment is used. In FIG. 16. reference.numerai 
40 des^grialBS a clamp nriade of a dielectric ma- . 
terial, aruJ parts or elements similar to thos^/Of the 
first to thirteenth enitxxJiments are designated by 
similariBference numerals. 

Tlie pperatibh of the antenna apparatus of the 
fourteenth embodiment will now be described. In 
the antenna structure of the twelfth emt>pdiment. 
ttie'cfielectric sut>stra!B^ 4 iahd -the dielectric support 
plate 15 are pre^ssed agsdr^ each othe^ u^rig ttie 
dielectric damp 40 in suph a manner that the 
dieletrfc support plate 15 is slidable longitudinally 
on the dielectric sut>strate. The moving mechanism 
may be of the type described In connecfion with 
the fottrth -emtiodiment. The antermaappafatus has 
the advantageous features of the foiirtfi and sev- 
enth emt)odinnents In obmtunatlon: this is, an arv 
tenna apparatus Ifi which the radiation pattem can 
be varied, continuptj^ and various elements 
: formed carhpacily iii the feed Oiie can be obtained. 
The antenna may t>e supported by the mechanlsin 
described in connection with the third emt>odiment 
The anterina elements may have altern shapes 
of the eighth arid rtiritf). embodiments. In ordBx to 
improve the symmetry of the radiation pattern, the 
structure of the tenth embodiment may be used. 



The whole antenna may be accommodated in the 
dielectric casing, and the moving mechanism of the 
sixth embodiment may be used. 

Acceding to this emtxKJiment, since the sut>- 

5 strate 4 and the support plate 15 are loosely se- 
cured by the clamp 40. the support mechanism is 
resistant against vibration and displacement, and 
an antenna apparatus having a stable electrical 
characteristic can be reaTtzed. 

10 FIG. 17 shows an antenna apparatus according 
to a fifteenth emt>odiment of the invention. In FIG. 
17, a cylindrical casing 25 of circular cross section 
is filled with a foamed material 41, and parts or 
elements similar to those of thei first to fourth 

T5 emtx»iiments are designated by the same refer- 
ence numerals. 

The operation of the antenna apparatus of the 
fifteenth embodiment will now be described. In the 
antenna stmcture of the twelfth embodimeiit, the 

20 dielectric sut)strate 4 and the dielectric support 
plate 15 are supported in the dielectric caslrig 25 
by the foamed material 41 l>etween thje dielectric 
sut>strate 4. and the casing 25 and between the 
latter and the dlielectric support plate 15. the 

25 foamed material 41 having an dielectric constant, 
sutistantially equal to that of air. The dfculiar icross 
section of the dielectric casing. 25 serves to cause 
a iponstaiht jfririd >l(>ad when the . anteinna installed 
outside recehra^ any wind Jri ariy direction: The 

30 dielectric support piate 15 is slidable longitudinally 
on the dielectric sut>strate 4. The moving mecha- 
hisrn may be of the type described in connection 
witii the fourth embodiment The antenrm apparatus 
may have'the advantageous features c^f the fourth 
. 3S and seventh emt»6diments in combination; this is, 
an antenna apparatus in which the radiation pattem 
can be varied continuously and various elemente 
fonmied coinpactly In the feed fine can be realized: 
, The antenna may be supported by the structure of 

40 the third embodiment The anterma elements may 
have ^ alternative ^shapes bif the eighth and ninth 
emboidirhents. In onder to improve the symmetry of 
the radiatipn pattem. • the 'Structure, of the -tenth 
ernbbdimeHt may be used. Thb whole antenhci niay 

45 be accommodated in the dielectric casing, and the 
moving mechanism of the :sixth embodinrient may 
1)0 used. 

According to tiiis ernbodtment, partly since the 
sut>stirate 4 and the support plate 15 are substan- 

50 tially equal In (fielectric constant thickness and 
widtti to each other, and partly :since they are 
embedded in the caising 2S filled with a fbarhed 
material wtiidi scarcely tends to t)e damaged from 
an electrical characteristic view point the support 

65 mechanism is resistant against ^bration and dis- 
placement so thal .aii aritenrm apparatus having a 
stable electrical diaracteristic can to realized. 
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RG. 18 shows an antenna apparatus according 
to a sixteenth embodiment of the invention, illus- 
trating an improvement of the antenna support 
mechanism in the casing 25. In RG. 18, reference 
numeral 42 designates C rings made of a dielectric 
material, and parts or elements similar to those of 
the first to fifteenth embodiments are designated 
by the same reference numerals. 

The operation of the antenna apparatus of the 
sixteenth embodiment will now be described. In the 
antenna structure of ttie twelfth emt>odiment, the 
two dielectric and springy C rings 42 are situated 
resjjectively between the dielectric substrate 4 and 
the dielectric casing 25 and between ttie latter, and 
the dielectric support plate 15 In ^ch a ihanner 
that the dielectric support plate 15 is slid^le Ion* 
gitudinally on the dielectric substrate 4. The mov- 
ing mechanism .may be of ttie.typejdesoribed in 
connectipn witti the fourth ^txKfirnerit The an- 
terina apparatus may have ttte advantageous fea- 
tures of the fourth and seventh embodimehts; this 
is, an antenna apparatus in which the radiaUbn 
pattern can be varied continuously and various 
elements formed conhpactiy in the feed line can be 
realized. The antenna ■■ may be supported by the 
mec^ahisjt) descrit>ed in connection with thb thihj 
embodiment This anterina elements, may have ah 
teniatiye shapes of ttie elghtti arid niritii embodi- 
ments. In order to improve ttie symmetry of the 
radiation pattern, the structure, of the terrth erribodi^. 
ment may bei used. 

According to this embodiment, ^noe the di- 
electric substrate 4 and the dielectric support plate 
15, which are substantially equal in dielectric con- 
stant thiclchess and width to each otiier, ai^a super- 
posed over ^ach other and supported In tfie casing 
25 by the C rings 42 which scarciBly tend to t>e 
damaged, from an electrical characterisfic view 
point the support mechanism is resistant s^alnst 
vibratiort and dispiacernent so, that a^ 
paiatus having b istable electrical character^c can 
tie obtained. 

RG. 19 shows an ariterina apparatus according 
to a seventeentti emt>odiineht of the iriveriilori, ll- 
lustraUng anottier improvement of the antenna sup*, 
port mediarilsrn in the casing. In RQ. 1 9, reference 
. nurneral 43 designates pipe^ whteh are made of a 
dieiectric rriaterial and has an oysd cross section, 
and parts or eleniente siinilar to th^ 
sixteentti erAbodimerils are de^gnaled by similar 
reference numer&ils. 

ttie operation of the antenna apparatus of the 
seventeeiitti embodiment will now be desolbed. In 
ttie antenna structure of ttie twelftti embpdirnent 
the dielectric oval pipes 43 having ah oval cross 
section are inserted respectively t>etween the di- 
electric suk^stf^ 4 and the dielectric casing 25 
and between tiie latter and ttie dielectric support 



plate 15, supporting the substrate 4 and the sup- 
port plate 15 in ttie casing 25 in such a manner 
ttiat ttie dielectric support plate 15 is sKdable lon- 
gitudinally on the dielectric substrate 4. The mov- 
5 ing mechanism may be of the type described in 
connection witti the fourth embodimerit Tlie an- 
tenna apparatus may have the advantegeous fea- 
tures of the fourth and seventh emt>odlments; this 
Is, an antenna apparatus in which the radiation 
fo pattern can be varied continuously and various 
elements formed compactiy in the feed line can t>e 
realized. The antenna may be supported by the 
meduuiism descrit)ed in connection with the third 
^embodimerit The anteiina elemerrts may have al- 
ts teroative shapes of the eighth and nintii embodi- 
ments^ In order to improve the symmetry oiF the 
radiation pattern, tfie structure of the tenth embodi- 
merit may be used. 

According to this embodiment since the di- 
20 electric substrate 4 and tiie dielectric support plate 
15, which are siibstantially equal in dielectric con- 
stant thidoiess and widtii to each ottier^ are super- 
posed over each other and supported in the casing 
25 by ttie pipes 43 which have an oval cross 
25 section and scardaly tend to l)e damaged froni an 
electrical charaicteristic view point the support 
. 'niechanism is resistant against vibration and dis- 
placement so that an antenna appaiiahis havirig a 
stable electrical characteristic can be 6btainiBd. 
30 RG. 20 shows an antenna apparatus according 
to an eighteentti embodiment of ttie invention, illus- 
trating an improvement of the sixtti embodiment In 
RG. 20. a screw bolt 44 is secured to part, of ttie 
dielectric regulating support plate 15, projecting out 
35 of ttie casing 25 from an elongate hole 25b. Using 
ttie screw .bolt 44 from outside, it is possible to 
adQust in the direction of an arrow wHh respect to 
ttie sutwtriate 4 fixed to ttie casing 25. If a nut 45 is 
threadedly mounted on ttie screw bolt 44 out^de 
40 ttie casing 25. it is pojsslble to prevent ttie ^reW 
bolt 44 from tiltirig. 

The operation of ttie antenna apparatus of ttie 
^ghteentii emlkxliment vrill now be described. The 
op^9ratibh of the elec^cal system of the aritenria 
. . - 45 apparatus is similar to that of the fifth embodlrnent 
Conventionally, in order to Improve the jgoodness 
of fit to ttie enviroriment of the antenna installatton, 
it has been customary to accommodate the an- 
tenna in ttie casing. So hi ttiis embodiment ttie 
50 anterina of RG. 5 Is mounted in the dielectric 
casing 25. A power supply connector. 26 is pro- 
vided to supply power to the antenna; a core of ttie 
connector Is connected to ttie upper conductor 2 of 
the microstrip line while an outer, conductor of the 
55 connector is coririected to ttie eartti conductor 3 of 
tijie microstrip line via a short^lrcurt cable. CT^ 
Power Is supplied to the antenna frorri the conn^ 
tor '26, and the angle of tilt of the antenna beam Is 

15 
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adjusted by sfiding the screw bolt 44. The nut 45 
serves to prevent the screw bolt 45 from tilting. As 
the advantage of this arrangement, it Is possible to 
adjust the beam tilt angle after the antenna has 
been Installed, so that the orientation of the an- 
tenna can be changed without any laborious woric 
such as moving and disassembling the antenna. 

According to this emt>odiment in order to con- 
tinuously vary the effective shape of tiie detoy 
wave opening in the earth conductor 3. there is 
provided a mechanism, for moving the support 
plate 15 in parallel to the earth cbnductor 3. Thus 
the delay wave opening can be used as a phase 
shifter fbr varying the phase continuously. Since 
the phaise of excitation of the anteriria can be 
varied continuously to a desired value, it Is possi- 
ble to otjtain an antenna apparatus which can 
change the shape of the radiation pattern continu- 
ously. 

RG. 21 shows an anterina apparatus according 
to a nineteenth embodiment of tiie Invention, illus- 
tratihg another iinprovemierit of the moving , mecha- 
nism for movirig the. support plate with respect to 
the sut)strale in the ca^ng. in FIQ/21, the regulatr 
ing support plate 15 has on one ;end a pushing 
plate 46. having a groove 46a. while an adjusting 
dis&i47 is rotat^ly su'pported by the c^lng 25^^y^^ 
an O ring 60 and^has a projection 47a eng^^ 
the groove 46a. 

The operation of the antenna apparatus of the 
nineteenth enibodiment will ru)w be described. 
When ihe adjusting disc 47 is turned, the puishfaig 
plate 46 will be moved horizontally as the projec- 
tion of the disc 47 Is fitted in the groove 46a of tiie 
support plate^^46. bringing the dielectric pl^e 15 
witfi4he masldng conductors horizcintally. Trie disc 
'^47 is fixedly held by the fdction t>etweeni the O ring 
60 aind the dielectric casing 25. The advantage of 
this embodiment is that the toam tilt angle can be 
adjusted after the antenna has l)een inst^led^^s^^ 
that t^i antemia^^^d^^ 

any Idbbrioiis work such as iremoirfari and dlsas^ 
semt>ling the ai^ 

Acobrding to order to con-, 

tinuousty vary the effective -shapie of tiie delay 
wave opening In the earth condiictor 3, there fs 
provided a mechanism for.rmovtng Ifie . support 
. plate 15 in parallel to the earth conductor. 3. Thus 
the delay wave Piping can tw used as a phase 
shifter for varylng^tha phase cbntimkni^y. Since 
the. phsise of exdtation of tfie antenna can t>a 
varied cohtinirau^y to a desired value, it Is possi- 

to (^tain an antenna appals which can 
change the shape of the radiation pattern continu- 
^busty. .. . ..^ ^ 

n& 22 shows ah anterina apparatt^ am 
to a tweiitietii embodiment of the invention, illus- 
trating an fmprovement of the nineteenth emtKxfi- 



ment in FIG. 22, a connecting rod 48 is pivotaily 
connected at one end to the projection 47a of the 
adjusting disc 47 and is supported at the other end 
by a pin 49 mounted on the support plate 15. 

5 The operation of the antenna apparatus of the 
twentietii embodiment will how be descdbed. Since 
tiie adjusting disc 47 and tiie dielectric support 
plate 15 are connected with each other via the 
connecting rod 46 and tiie pin 49. it is possible to 

fo realize moving of the dielectric support plate 15 
horizontally according to the principle of the crank 
mechanism as the disc . 47 Is rotated. The advan- 
tage of this embodiment is that the beam tijtt^angle 
can be adjMSted after the antenna has been In- 

75 stalied and that the antenna orieiitetibn can be 
varied witiiout ariy laborious work such as remov- 
ing and disassembling the antenna. 

Accprding to this emtiodiment. in order to con- 
tinuously vary the effective shai>e of the delay 

20 wave opening in the earth conductor 3. there Is 
provide^d a mechanism for moving the support 
plate 15 In parallel to the earth conductor 3. Thus 
the delay wave opening can ha used as a phase 
shifted': fCMT varying the phase continuously. Since 

25 the :3hase of excitation of the antenna can tie 
varied continuously to a desired valu^, it is possi- 
ble tp: obtain/ an antenna apparahis : which can 
change ^e sfupa of the radiaticm patttem^^:^ 
ously. 

30 RG. 23 shows an antenna apparatus according 
to a twenty-first embodiment of tiie invention, illus- 
trating a tielt-^d-pultey mechanisnni for moving the 
support plate wHh respect to the substrate in the 
casing, in fHG. 23. two belt receiving plate 50a, 50b 

as are fbced respectively to opposite ends of the sup- 
port plate 15^ white two pulley shafte 52a. 52b on 
which respective pulteys are rnounted arc rotatably 
supported on the upp^r suriace of the casing ^ 
Via O rings 60. two V belts 51a, 51b are wound 

40 around the r^)ective pulleys ot^ 
oppo^ jei^s t^^ 

The operatibn drf the anterina ai;^aratus of tiie 
twenty^fiiBt embddi^^^^ yrill now t>e tte^ As 
tiie sh^ si fiMSd to tte piiltey on the right end of 

45 tiie antenna Is rotated, the belt recehHng platis 50a 
on which the V bett 51a is wound win be nu^ 
tiw. .right, tsringing the dielectric support plate 15 
coring the ma^ng corWuctois in tiie same d!^ 
tion; To return the support pike 15 to tiie original 

50 po^on, the pulley S2b 'a^ the left end off the 
antenna used. The advantege of this* emtxxli- 
ment Is that tiie beam tilt angle can be adjusted 
after the antenna has been installed and that the 
antenna orientation can be varied witiiout any lat)o- 

65 rknis woric such as removing and disassembling 
the antenna. 

According to this embodiment in order to con- 
tinuously vary the effective shape of the delay 
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wave opening in the earth conductor 3, there is 
provided a mechanism for moving the support 
ptate 15 in parallel to the earth conductor 3. Thus 
the delay wave opening can be used as a phase 
shifter for varying the phase continuously. Since 
the phase of excitation of the antenna can be 
varied continuously to a desired value, it is possi- 
blie to obtain an mitenna apparatus which can 
change the shape of the radiation pattem continu- 
ously. 

RG. 24 shows an antenna apparatus accordirig 
to a twenty-second embodlrhent of the invention, . 
illustrating a dtain mechanism substituted for the 
l)elt-and-puney mechanism of the twenty-first em- 
bodiment In RG. 24, reference nurnerals S3a; 53b 
designate chains attached to opposite ends, of a 
support plate 15 oiF a dielectric less influential on 
the electric field, and 54a. 54b designate shafts on 
which respective gears are mounted. 

The operation of the antenna apparatus of the 
twerity-secbnd embodiment-will now be described. 
The operation of the electrical system of this an- . 
tenna apparatus is similar to the fiftti embodiment 
As the shaft 54a having a gear Is rotated, the chain 
53a will be wound up to moye.ttie reo^ng plate 
50a to the right, tMlnging' tfie dielectric support 
piate 15 with the rhasldng conductors in the same 
direction. To return the support plate 15 to the 
original posltibn, the gear at tiie left end of the 
antenna is used. The advantage of this emtxMll- 
meht Is that the beam tilt angle can be adjusted 
after the antenna has been Installed and tiiat the 
antenna orientation can t>e varied without any labo- 
rious woric such as removing and disassembling 
the antenna y 

.According to this emt)odiment In order to con- 
tinuously vary the effective shape of the delay ^ 
wave opening In the eartti conductor 3, there Is 
provided a mechanlsrn for moving -the support 
plate 15 In paraltei to the earth dnidudtor 3. Thus 
the delay wsra opening can tie used as a phase 
shifter for. vaiVing the phase contiruiously. Since 
the phase of e^^^ of the aiitbnna^ . 
varied continuously to a desired vsibie, it Is pc^ 
ble to obtain ari antenna .apparatus . witich can 
change the shape ol the radiation pattem oontinu-. * 
ou^. 

FIG. 25 shows an antemia appar^us aoc^ 
to a twenty-Mrd efnt)odGm«it of tiie 
trating a rack-and^^lnlon mechanism for moving the 
support plate. In RG.' 25i reference numeral 55 
designates a rack mounted on one end of a sup- 
port plato 15 of a dielectric less Influential on 
electric field, and 56 designates a shall having a 
pinion. Parts or elements ^ilar to those of the 
sbdh and twentietti ennbodiments^^a^ liy 
similar reference riumer^ 



The operation of ttie antenna apparatus of ttie 
twenty-third embodiment will now be described. As 
the shaft 56 having a pinion is rotated, tiie receiv- 
ing plate 50 Is moved horizontally via the rack 55, 

5 bringing the dielectric support plate 15 with tiie 
masking conductors in the same direction. The 
advantage of this emk}odiment is that the t>eam tilt 
angle can be adjusted after the antenna has t>een 
Installed and .ttiat tiie antenna orientation can be 

10 varied without any laborious woric such as renuyv- 
ing and disassembling the antenna. 

According to this, embodiment In order to con- 
tinuously viary the effective shape of the delay 
wave opening in the earth coriductor. 3, there is 

16 provided a mechanism for moving the support 
plate 15 jn^parallel to the earth conductor 3. Thus 
the delay wave ppenlrig can be used as a phase 
shifter for varying the phase continuously. Since 
the phase of excitation of the aritenna can be 

20 varied continuously to a desired value, it is possi- 
ble to obtain an antenna apparatus which can 
change tiie shape of tiie radldtion pattem continu- 
ously. 

. RG. 26 is a perspective view of a shaft 47, 52, 

25 54, 56/ to t>e used in thie tweritleth to twenty-fourth 
embodijhents. tiie:shaft haying 

RG: 27 is a perspective, view off an alternative 
shaft 47, 52. 54. 56. having a khiiri^ circumferen- 
tial suriace 58. 

so RG. 28 showis an antenna apparatus according 
to a twenty-fourth emtxjdiment of the Invention, 
illustrating an impmvernent of the third embodi- 
ment A matching slot 59 Is formed In tiie earth 
conductor 3. wMie a regulating plate 8f for regulat- 

ss ing the operiing area of the matching slot 59 Is 
mounted on the support plate 15. 

The operation of the antenna apparatus of the 
twenty^urtfi embodiment will now be described. 
When the shapes of tiie slot 5 and cutouts 6 are 

40 siltered. an Jnput impedance, iat the antenna ^de as. 
viewed from tfe power supply side is varied. The 
matching slot 59 is seen as a series inductarice 
with re^)ect to the line and magnitude of Hs 
. reactaivpe will increase by increasing th^ lengtti 

45 and wkfttioftheslot 

By selecting tiie shape and position of the 
matching slot 59 as foUows. it is possible to reduce 
tiie change of input Iriipeds^oe at the antenna side, 
as viewed from ttie power supi^ dde, even if the 

50 shape of the slot 5 and oitouts 6 Is changed. 

The shape and pb^on of the matching slot 59 
win now be descritied in connectiori with a system 
of characteristic Impedance 50 0. Assuifiing that 
tiie Input Impedance Is 50 Q before the shape of 

55 the slot 5. and cutouts 6 lias been diaiig^ and :1s 
off 50 Q after tiielr shape has t)een dianged, the 
r&istahce value of ttie Impedance at the oitenna 
skie should be 50 0 and the reactance shouki t)e 
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negative. In sudi a position as to satisfy this con* 
dition, there should be located a matching slot 
having the length and width such that an absolute 
value of the reactance of the slot is equal to that of 
the Impedance at the preceding antenna side. 

According to this eml)odiment, it Is possible to 
obtain an antenna apparatus in which the change of 
the Input Impedance can be reduced to minimize 
deterioration of VSWR and hence the gain will 
scarcely decrease. 

Claims 

1. An aritenna apparatus comprising: 

(a) a dielectric sut^stmte; 
. (b) 'ah earth conductor mounted on one isur- 
face of saki substrate and fbnning a mlcro- 
strijp) transnnlssioh line; 

(c) . an upper conductor niounted. on the 
other surface tyf saJd substrate and fomnlng 
a mlcrbsftrip transmission line; . . 

(d) an aritenna eleiment fonmed Integrally 
with s^d microstrip transmission rine; and 

(e) a delayed wave opening situated in said 
earth conductor in c^nfroriting relationship 
with said upper CO 

2. An aritenna apparatus acc^rd^^ to clainii 1. 
wherein said delayed wave opening is a . slot 
and/or a cutout 

3. An antenna apparatus comprising: 

(a) a dielec^c substrate; 

(b) an eailh/conducbr mounted on one sur- 
febe of s^d substrate and fbnning a^^ 
strip transrnlssidn tine; 

(c) an upper cofidudor mounted on the 
ottier surface of said substrate andforming 
a microstrip transnilsslon Qhe; 

(d) a number of antenna events formed 
Jntesif^ly^^ Wim is^ 

line; arid 

(e) a :inirntor .erf delj^ wavei qj^ings 
^ated in said earth ccmductbr In oonfifont- 
ihg relafionsh^ with said upper conductor 
one* for each of sidd antenna elements. 

4. Ah aiitianha,^^^ 

(a) a (fielsibtric siAys^^ 
(t)) an ea^ conductor mounted on one sur* 
face of said ;sut>stra!e and forming a nticro- 
strip trahsmisslori One; . 
(c) ah upper conductor mounted on the 
other surface of said sut>strale and formino 
a microstrip transmission One; . 
• (d) ah antmiha element formed integrally 
with said rnicrostrip^trairismis^ 



(e) a delayed wave opening situated in said 
earth conductor in confronting relationship 
with said upper conductor, and 

(f) a conductive masking plate covering said 
5 delayed wave opening for controlling an ef- 
fective area of said delayed wave opening 
by an extent of covering. 

5. An antenna apparatus according to claim 4, 
fo wherein said masking plate Is imounted on a 

dielectric support plate superposed over said 
substrate* 

6. An antenna apparatus ac^rding .:to daim 5. 
15 wherein said ^uppCHft plate is in the form of a 

dielectric thin film. 

7. An antenna apparatus according to claim 5, 
wherein said support plate Is superpb^d over 

20 said substrate relatively movably thereof so 
that the amount of delayed wav^ of said de- 
layed wave opening can be controlled. 

a An antenna apparatus according to claim 7, 
25 wherein sakJ support plate Is sP dably supers 
pbsed lover salci substrate so tfiat Oie extent of 
masking said delayed wave opening with sia^ 
maiskihg plate c^ t>a controlled by sliding sahi 
support plate. 

30 

9. An antenna apparatus according to claim 8. 
wherein said support plate is pivotally mounted 
on said substrate and has a conductive mask- 
ing blade overiapplng said delayed wave open- 
35 ■ ing. 



10. An antenna apparatus accordiiig to daim 7. 
wtvarein ^'d support plate is sui^rposed over 
said substrate and is slidable tongitudinally of 

40 said substrate, said supp^^ ha^ng a 
masidng, blade for yauylng extent ipi pf^ 
Ing said delayed wave operiing when sGding. 

11. An antenna apparatus accbniing to daim 10, 
45 wherein said support plate has m elongated 

. hole and is adjustably ^cured to said sub- 
strate by a dlelei^ic soew e)dendin 
said Elongate hole of said suppctft plate and a 
through hde of^d substrate. 

so' ' 

12. An antenna, apparati^ according to daim 11. 
wt)er^ said sutxstrate Has ori the upper con- 
ductor side a conductive rec^ving plate, said 
dielectric screw being threadediy secured to 

55 said receiving plate. 

13b An antenna apparatus according to . daim- 11. 
wherein saJd dletedric screw secures said sup- 
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port plate and said substrate loosely via a 
spring washer so that said support plate Is 
slidable with respect to said substrate. 

14. An antenna apparatus according to claim 10, 5 
wherein said support plate is loosely secured 

to said substrate by a tightening means such 
as a clip, a wire or a damp. 

15. An antenna apparatus according to claim 10. lo 
wherein said support plate carrying said mask- 
ing plate for controlling the extent of opening 

of said delayed , wave opening Is slidably 
superposed oyer said substrate canrylhg saki 
antenna elements, said suppbrt plate sihd said ; is 
substrate being arranged In a casing, the slid- 
ing between sakI substrate and said support 
plate being able from outside of said casing. 

16. An antenna apparatus according to claim 15, 20 
wherein saki sut>strate and said support plate 

' .ara» supported and fb^ in'saidi^islng with a 
low-dialectric-constant f^»aming agent filled In 
saidcadng. 

17. Ah antenna apparatus according to claim 15, 
wherein said substrate - and said support , plate 
are fixed in ^aid (^Ing. by a dielectric s^^ 
Oshapedring. 

18. An antenna apparahis - according to claim 15, 
wherein said substrate and sahJ support plate 
are supported in said ca^ng by a dielecUlc 
pipe having an oval cross section. . 

19. Ah animna apparatus according to ^m 15, 
wherein ^d substrate carrying said antenna 

. elerfiente is fixed in casing, and the slid- 
irtg of said support .plate, , with said masking 
plate sup^fposed oyer said substrate, 
spect to said Wt>sl^rate^^te^^ 
side of said casing by a feed screw. 

20. An ^antenna S4)paiatus according to daim 15. 
wherdn said sutislrate canrying s^ antenha 
elements is fixed iri s^ casing, and the slid- 
ing of said support plate, witii said masking 

' plate super(K>sed over sakj sut^strate, vnth re- 
spect to said isiJbstrate is Qontrolled from out- 
dde of said casfaig by a control dtec arid ari 
eccentric pin. 

21. An antenna apparatus acccu-ding to daim 15, 
' wher^n said sutistrate carrying, ^d antenna 

elemente fenced in sdd casing, and.flie slid-, 
ing of said support plate, ,.witti said masking 
ptete superposed over ssdd substrate, with re- 
spect to sakl siit>strate is controlled Uom out- 



side of said casing by a V belt and pulley 
mechanism. 

22. An antenna apparatus according to claim 15, 
wherein said substrate carrying said antenna 
elemente is fixed In said casing, and the slid- 
ing of said support plate, with said masking 
plate superposed over said sut>strate, with re- 
spect to said substrate is controlled from out- 
side of said casing by a chain feed mecha- 
nism. 

23. An antenna apparatus according to daim 15, 
wherein said sut>strate carrying ssud antenna 

. elemerite is fixed In iaid ca^lf^. and the slid- 
ing of said support plate. wHh said masking 
plate supeiposed over said substrate, with re- 
spect to said substrate is controlled from out- 
side ^of said casing by a rack' arid pinion 

. tnedianisrn*' 

24. An antenna apparatus comprising: 
. (a) a dielectric substrate: 

(b) an earth conductor mounted on one sur- 
face of said substrate and forming a micriO- 
stnp trarisifnissibn line; 

(c) ari ' upper ^conductor ;mounted on the 
Other surface of said isubstrate arid forrhing 
a microstrip transmission lirie; . - 

,{d) said earth conductor having a sirt divid- 
ing said earth conductor into dectrically 
non-contact portions, said slit having a very 
small width, compared to a. target 
vmvelength; arid 

(e) dipoie antenna elemente induding con- 
ductors^df an appraxiniately . 1/4 wavelength 
for the target tridquency and situated adja- 
cent to sakl silt orie in each of the two 
electrically dhHded portions, said dipoie an- . 
\ tenna etemente being adapted to receiye 
pow»r supp^ through 

25. An antenna apparatus according to dairn 24. ; 
wherein t^d slit aind said dipoie .antennia ele- 
mente are arranged in a multiplicity of steps 
longitudinally of said «airth Conductor to form 
antenna arrays. ' 

' 21L ,An antenna aipparatMS;accordthg to dsnm 24. 
whei^n a dioke te dtuated between said con-^ 
ductor of the approxiirhately 1/4 wavelength for 
the target.frequency and said earth ooiKluctor 
for redudng reflection from said slit in a kiand 
of the target frequency. 

27. An antenna apparatus acoD^irig to claim 26. 
wherein said choke has a shape sudi as^ to 
* have a .pedc in reducing the reflection from 
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said slit about the target frequency band to a 
minimum. 
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fulGH FREQUENCY 

S-196902 (A) («) 31.8 (19) JP 

IadpI. No. 61-40070 (22) 252.1986^ 
J QSc CORP (72) MASAKI ANDO 
)fotCr.H01Pl/203 

; • 

rtjlPOSE: To prevent the disturbance of clectroma^tTts^^ves that is caused 
* at a i^"'^ between a capacitive line and an inducHve line wlifcQthe electromag« 
f^iietic waves are transmitted to the capadtivp^ne from the indb(;Uve hnc, by 
Vr fonning slits in parallel to the traveling dipe^ion of the normal elecbs»nagnetic 
^:«avcs on the conductor surface of the^e^citive line. 
ji^jCSTjTUTION: The extremely thiij/^ls 22-24 are formed in parallel tJS^e 
traveling direction of the elecjFdmagnetic waves on the conductor surfaces 
of capadtive lines 2-4 resp^vdy. Such slits 22-24 give virtually no cffcrt 
to the desired normal el^omagnetic wave, While the slits 22-24 cut the 
undesired electromaghHiC waves rectangular to the nonmal traveling direction 
of the clectromagnetjr waves which are produced within the lines '2r- 4 by the 
disturbance of tho^electroroagnetic waves at joints between those, lines 2— 4 
and the inductivj^lines S and 6 respecUyely. These uiidesire^ wa\^s are not 
detected eithep^ven in the stopping frequencies fa and f;. ' 



22 3 




jSI) PLANE ANTENNA 

(11) 62-196903 (A) (43) 3U.1987 (19) JP 

(21) AppL No. 61-39972 (22) 25^1986 

CD MATSUSHITA ELECTRIC WORKS LTD (72) NOBUAKI MlYAJId) 
01) Int a\ H01Q3/22iSrH01Ql3/20 



PURPOSE: To omit a' setting angle control means for a plane ahtehha by using 
a main beam direction control . means which varies the main beam dirjection 
v'afteri^cpntroUinigr freely the gap. formed between the back side of a' dielectric 
^ibstrate and an earth conductor. 
CONIjTITUTION: A main beam direction control means 5 contains a control 
,;aarcw 6 set into a screw hole 7 of a dielectric substrate 1 and a coil spring 
' .8 provided between an earth conductor 3 and the back sidi^ of the substrate 
L An appropriate gap 4 is formed between the back side of the substrate 1 
^. and the conductor 3 so that the conductor 3 is hdd,therei The distance ts of 
* the gap 4 can be changed fredy by fastening or unfastening the screw; & In 
addition, both the thickness and the. equivalent.didectric constant of a didectric 
layar formed with the substrate 1 of thidcness ti and an air layer within the 
gap 4, i^, a composite didectric substance exi$dng between a mtcrostrip line 
f conductor 2 aiid the conductor 3 can be dianged fredy by varying the distance 
. tt of the gap 4. - 




W TBL&iqsidN ANTENNA 
Wi e.W690r6Ay (43) 31.8^987 OW JP 

gKAp^ No. 61-39«4^ 

gJJ MATSUSHITA EtK^lUC WORKS LTD (72) HIROSHI HATANO 
Int a\ H01Q19/09 

fORfOSE: To reduce the thickne^>«,^TV antenna dowhid'^such a level that 
X. IS still practicable as an indoor antenna^arusing a diele^im substance between 
■•• antenna dements. 

dielectric substance 3 is 
g. J ami 2L Here the spsct between both cla., 
h generally understood tha^ the length 
^ a <toectric isubslance having tte dielectric a 
..^v^ a result, the distance between bpth^mtents 1 and 2 redi 

a conychtfonal ctmstjKnion tndudmg an air layer. 



betweoi antenna dements 
2 is set at A/4 X 
the wa^Qsl^^nsmitted through 
ant £ is redi^bd^downto 1/Er^. 

by 1/Ei" 
fore 




^ TV antenna can be thiimed do^ to such, a level that is ^1 pracile;^le 
^ an hidoor anteima by chooi^nff/a proper <fielectric isubdtanoe. 




(54) Al^XENNA MOUNTING STRUCTURE 
11) 63-25Sai (A) (43) 2.12.1988 (19) J P 

(21) AppK NoS«-129780 (22) 28.5.1987 
(71) FUJITSU l^^i^(72) HISAMITSU TAKAGI(2) 
(51) Int a\ HOIW 

PURPOSE: To improve the mbiuiting strength of an antejfrtia and the electrostatic 
dielectnc strength by covcringXJ'ase of the antertha with an elastic plastic 
case and providing a cylindrical rUKP the antmrf mounting part of a case. 

CONSTITUTION: A plastic 13 is sheatfebd to a/flexible wire 12 in the fntoina 
11 and the base is covered by an elastifcsrfastic case 14. A cylindncal nb 15 
to surround the base of the plasUc cas^^W the antenna 11 is provided to 
the antenna mounting part and the anfcfima ifla mounted by a mounting screw 
17. Thus, the mounUng strength>df the antennS<is improvol to support the 
base of the plastic case 14 of iKe antenna 11 by l*e rib 16 in this way and 
the rib 16 offers a longer gaping distance from UAsoutade of Uie case to 
the meUllic part in the loildc of the case thereby impr8¥i|ig the electrostatic 
dielectric streng^ 



(54) PLANAR ANTENNA 

(11) 63-296402 (A) (43) 2.12.1988 (19) JP 

(21) Aool No. 62-134241 (22) 2751987 

71 ShT^U^^^ (72) SHINTARONAKAHARAa) 

(51) int. as H01Q3/32.HOiei3/08.H01Q13A8,H01Q21/06^ HOIPIAS 

iPURPOSE: To attain electric low loss and to make the dirccUon of beam variable 
by inserting a dielectric plate between a ground conductor plate and a part 
of feeder so as to change the length or thickness of the dielectric of the feeder 
along.the direction of line. : . . . ; ^ V - » 

CONSTITUTION: DieliectBc plates 6a. 6b are provided on air gap o bet\\cen a 
part of a feeder 2 and a ground conductor plate 3 and the dielectnc plate^ 
6a. 6b are fonhed to be an isosceles triangle line is orthogoiijl 

to the direction of line of the feeder 2. In moving the dielectric plate ^6ajn . 
a direction orthogonal to the line direction of tiie feeder 2, the elcctnc^length 
of the feeder 2 is changed and the exciting phase of Uie radiation conductor 
la lb is changed and the beam direction of the planar antenna ts changed 
in ' the direction (x). On the other hand, in moving Uie diclcrtnc plate 6b m 
a direction orUiogonal to the feeder 2. the exciting phase Jirf Uie^dialion 
conductors lb. Id is changed and tiie beam direction is changed m tiic direction 
(y) Since a radio wave is fed to an inverted microstrip line where the part 
between the feeder 2 and a ground conductor 3 is used as the air ^p 5. Uie 
dielectric loss is small and Uie loss up to the radiation conductor 1 is decreased.. 




m 



eHj>nPTERGirmL amplifier circuit 

(11)^^64 :|A) (43) 2321988 (19) JP 
(21) Ap5^>«fti:62aM868':(22) 2S3i987 V V 
(71) T^HIM^QJlPd) (72) HltOSHI ON020KA 
ei) In^ d*v B(l3| 

pilRPOSE: To compensateVflffset of an output wjthsid>$e dicait cqo aita»aon 
by providing a dsnpensatimf^Iar tranristor CRO so as to prevent cmmii 
. ifr^ ilowinB to a load,-wh« a:«^^ 1-^ »« , 

collector of a bipolar TR Q« *e ^T^t?. ^ 

Vce and the emitter is cmnfcttdj^^i^ H,lJlSHC.^,2*iiL?ff 
cuitwt of the bipolar TR Qj>&pe«to^»«P^ *??„?San 
the bipolar TR Q. Influen^^lf the cun«t ItoJ^o 
cunenTof a Wibbh coi52t current dnaittl X»^*«° * 
V,i gWen between the^l&ttof the bipolar TRs Q,. VIsjero. no anient flows 
to a load-Rt-aiMl ^y^^put offcet is cnnpensatcd. 
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